DEFLECTION ANGLE DETECTING DEVICE 



BACKGROUND OF THE INVENTION 

L Field of the Invention 

This invention relates to a deflection angle detecting device and a system provided 
with the deflection angle detecting device, and in particular, to a deflection angle de- 
tecting device constructed as a tracking detecting means used for light pickup or a light- 
switching means of an optical fiber used for optical communication and a system provid- 
ed with this deflection angle detecting device. 
2. Description of Related Art 

Recently, the techniques of optical information communication and record have been 
conspicuously developed and the densities of information transfer and record have been 
significantly improved. In these fields, it is essential to improve the technique that a 
deflection state of a light-deflecting mirror element, such as an optical signal switch opti- 
cally switching an optical fiber circuit at a relay station or the tracking control of light 
pickup of an optical information record reproducing system, is detected with a high de- 
gree of accuracy to control its behavior. As such, various deflection angle detecting 
devices have been proposed. 

Deflection angle detecting devices of this type are disclosed, for example, in Japane- 
se Patent Publication No. Hei 7-66554 and Japanese Patent Kokai Nos. Hei 8-227552, 
Hei 11-144273, Hei 11-144274, and Hei 11-195236. 

A deflection angle detecting device set forth in Hei 7-66554 is designed to detect a 
relative angle made by the optical axis of a light beam emerging toward the recording 
medium of light pickup with the recording surface of the recording medium. This de- 
vice includes a light-emitting element for irradiating the recording surface with diffused 
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light and two light-receiving elements arranged on both sides of the light-emitting ele- 
ment to detect reflected light from the recording surface. The device uses a difference 
between the amounts of reflected light detected by the two light-receiving elements to 
thereby detect the amount of deflection where deflection is caused to the recording me- 
dium. 

A deflection angle detecting device disclosed in Hei 8-227552 is similarly designed 
to detect a relative angle made by the optical axis of a light beam emerging toward the 
recording medium of light pickup with the recording surface of the recording medium. 
This device receives reflected light from the recording medium on the light-receiving 
surface which is divided into four, and uses a difference between the amounts of received 
light to thereby detect the amounts of defection in two directions. 

A deflection angle detecting device set forth in each of Hei 11-144273 and Hei 11- 
144274 is such that reflected light from a deflecting mirror is passed through a beam 
splitter in which the reflectance is changed in accordance with an angle of incidence and 
the amount of light is detected by a photodetector to thereby detect the amount of deflec- 
tion. 

A deflection angle detecting device described in Hei 11-195236 is designed to detect 
the position of rotation of a deflecting mirror in an optical information reproducing appa- 
ratus. A light beam from a laser source is condensed into a linear beam on the deflect- 
ing mirror, and thereby measurement accuracy in one direction is improved to detect the 
deflection angle. 

SUMMARY OF THE INVENTION 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle of a light-deflecting element, and comprises a light source 
for radiating light to the light-<leflecting element; a detecting reflection surface with 
positive power provided to the light-deflecting element, placed on the optical axis of light 



radiated form the light source; and a photodetector receiving light reflected by the de- 
tecting reflection surface to detect the deflection angle of the light-deflecting element in 
accordance with the position where the light is received. 

Also, in this specification, the deflection angle of the light-deflecting element refers 
to the inclination angle of the reflection surface of the light-deflecting element. 

In the deflection angle detecting device of the present invention, it is desirable that 
the detecting reflection surface is decentered with respect to the optical axis of light radi- 
ated from the light source. 

In the deflection angle detecting device of the present invention, it is desirable that a 
path switching element switching the optical path of part of the light radiated from the 
light source is placed on the optical axis. 

When optical power is imparted to the detecting reflection surface provided to the 
light-deflecting element as in the present invention, the deflection angle detecting device 
which shows a wide detection range, allows one- or two-dimensional detection, and has a 
high degree of accuracy and a compact design, can be realized. 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle of a light-deflecting element, and comprises a light source 
for radiating light to the light-deflecting element; a detecting reflection surface inclined 
by a preset angle with respect to the optical axis of light radiated form the light source 
and provided to the light-deflecting element; a reflected-light condensing optical element 
with positive power for condensing light reflected by the detecting reflection surface; and 
a photodetector receiving light from the reflected-light condensing optical element to 
detect the deflection angle of the light-deflecting element in accordance with the position 
where the light is received. 

In the deflection angle detecting device according to the present invention, when an 
angle of incidence of a ray traveling along the optical axis of light radiated from the light 



source on the detecting reflection surface is represented by 6, it is desirable to satisfy the 
following condition: 

10°<e<70° 

In the deflection angle detecting device according to the present invention, it is desir- 
able that, of optical working surfaces of the reflected-light condensing optical element, at 
least one surface is configured as an irrotational symmetrical surface. 

When the detecting reflection surface is inclined by a preset angle with respect to the 
optical axis of light radiated from the light source, there is no need to provide a path 
switching means such as a half mirror, a beam splitter, or a polarization beam splitter. 
Consequently, the number of parts is lessened, and cost and assembly man-hour can be 
reduced. Furthermore, the number of degrees of freedom of mechanical layout is in- 
creased. Since the path switching means is not required, there is no loss of the amount 
of light received by the photodetector, and thus detection accuracy is higher than in the 
case where the half mirror, the beam splitter, or the polarization beam splitter is provided. 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle of the light-deflecting element, and comprises a light source 
for radiating light; a path switching plane switching the optical path of part of light radi- 
ated from the light source; a detecting reflection surface placed on an optical path 
switched by the path switching plane and provided to the light-deflecting element; and a 
photodetector receiving light reflected by the detecting reflection surface to detect the 
deflection angle of the light-deflecting element in accordance with the position where the 
light is received. In this case, a transmission surface with positive power is interposed 
between the detecting reflection surface and the photodetector. 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle of the light-deflecting element, and comprises a light source 
for radiating light; a prism constructed with at least three surfaces; a decentered lens con- 



structed with two surfaces; a detecting reflection surface placed on the optical path of 
light from the light source, switched through the prism, and provided to the light- 
deflecting element; and a photodetector receiving light reflected by the detecting reflec- 
tion surface to detect the deflection angle of the light -deflecting element in accordance 
with the position where the light is received. The prism includes a first surface having a 
function of transmitting incident light from the light source through the prism; a second 
surface having a function of reflecting light transmitted through the first surface, a func- 
tion of transmitting light reflected by another optical working surface of the prism so that 
the light leaves the prism toward the detecting reflection surface, and a function of 
transmitting incident light from the detecting reflection surface through the prism; and a 
third surface having a function of reflecting light reflected by the second surface toward 
the detecting reflection surface and a function of transmitting light transmitted through 
the second surface toward the photodetector. The decentered lens includes a fourth sur- 
face provided opposite to the third surface and a fifth surface which is a transmission 
surface situated between the fourth surface and the photodetector, having positive power. 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle of the light-deflecting element, and comprises a light source 
radiating light; a prism constructed with at least four surfaces; a detecting reflection sur- 
face placed on the optical path of light from the light source, switched through the prism, 
and provided to the light-deflecting element; and a photodetector receiving light reflected 
by the detecting reflection surface to detect the deflection angle of the light-deflecting 
element in accordance with the position where the light is received. The prism includes 
a first surface having a function of transmitting incident light from the light source 
through the prism; a second surface having a function of reflecting light transmitted 
through the first surface toward the detecting reflection surface and a function of trans- 
mitting light transmitted through another optical working surface of the prism so that the 



light leaves the prism toward the photodetector; a third surface having a function of 
transmitting light reflected by the second surface so that the light leaves the prism toward 
the detecting reflection surface; and a fourth surface having a function of transmitting 
incident light from the detecting reflection surface through the prism. At least one of 
the first surface and the second surface has positive power. 

When the present invention is constructed as mentioned above, the deflection angle 
detecting device which shows a wide detection range, allows one- or two-dimensional 
detection, and has a high degree of accuracy and a compact design, can be realized. 

These and other features and advantages of the present invention will become appar- 
ent from the following detailed description of the preferred embodiments when taken in 
conjunction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a view showing schematically the construction of a deflection angle de- 
tecting device in which a beam splitter is used as prior art which affords the basis of the 
present invention and a position detector is used a photodetector; 

Figs. 2 A and 2B are views showing schematically an example of the deflection angle 
detecting device and a modified example, respectively, in a first embodiment of the pre- 
sent invention; 

Fig. 3 is a conceptual view showing a position sensitive detector which is applicable 
to the photodetector in the deflection angle detecting device of the present invention; 

Fig. 4 is an explanatory view showing a state where a detecting reflection surface is 
inclined in a one-dimensional direction (the X direction or the Y direction) and a spot is 
formed on a sensor light^eceiving surface of the photodetector; 

Fig. 5 is a graph showing the relation between the amount of inclination of the de- 
tecting reflection surface and the output of the photodetector; 

Fig. 6 is an explanatory view showing a state where the detecting reflection surface 



is inclined in a two-dimensional direction and a spot is formed on the sensor light- 
receiving surface of the photodetector; 

Fig. 7 is an explanatory view showing a state where a spot s formed on the sensor 
light^eceiving surface of the photodetector using a divided light receiver (a four-divided 
position detector); 

Fig. 8 is a view showing schematically the deflection angle detecting device in a sec- 
ond embodiment of the present invention; 

Fig. 9 is a view showing schematically the deflection angle detecting device in a 
modified example of the second embodiment; 

Fig. 10 is a view showing schematically the deflection angle detecting device in a 
third embodiment of the present invention; 

Fig. 11 is a view showing schematically the deflection angle detecting device in a 
fourth embodiment of the present invention; 

Figs. 12A, 12B, and 12C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a fifth embodiment 
of the present invention; 

Figs. 13A, 13B, and 13C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a sixth embodiment 
of the present invention; 

Figs. 14A, 14B, and 14C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a seventh embodi- 
ment of the present invention; 

Figs. 15A, 15B, and 15C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in an eighth embodi- 
ment of the present invention; 

Figs. 16A, 16B, and 16C are views showing schematically constructions where the 



mirror of the deflection angle detecting device is variously rotated in a ninth embodiment 
of the present invention; 

Figs. 17 A, 17B, and 17C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a tenth embodiment 
of the present invention; 

Figs. 18 A, 18B, and 18C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in an eleventh em- 
bodiment of the present invention; 

Figs. 19A, 19B, and 19C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a twelfth embodi- 
ment of the present invention; 

Figs. 20A, 20B, and 20C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a thirteenth em- 
bodiment of the present invention; 

Figs. 21A, 21B, and 21C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a fourteenth em- 
bodiment of the present invention; 

Figs. 22A, 22B, and 22C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a fifteenth embodi- 
ment of the present invention; 

Figs. 23A, 23B, and 23C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a sixteenth em- 
bodiment of the present invention; 

Figs. 24A, 24B, and 24C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a seventeenth em- 
bodiment of the present invention; 
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Figs. 25A, 25B, and 25C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in an eighteenth em- 
bodiment of the present invention; 

Figs. 26A, 26B, and 26C are views showing schematically constructions where the 
mirror of the deflection angle detecting device is variously rotated in a nineteenth em- 
bodiment of the present invention; 

Fig. 27 is a view showing schematically the deflection angle detecting device in a 
state where the rotation angle of the mirror is 0° in a twentieth embodiment of the present 
invention; 

Fig. 28 is a view showing schematically the deflection angle detecting device in a 
state where the mirror is rotated by -10° around the X axis in a Y-Z plane in the twenti- 
eth embodiment; 

Fig. 29 is a view showing schematically the deflection angle detecting device in a 
state where the mirror is rotated by 10° around the X axis in a Y-Z plane in the twentieth 
embodiment; 

Fig 30 is a view showing schematically the deflection angle detecting device in a 
twenty-first embodiment of the present invention; 

Fig 31 is a view showing schematically the deflection angle detecting device in a 
twenty-second embodiment of the present invention; 

Fig 32 is a view showing schematically the deflection angle detecting device in a 
twenty-third embodiment of the present invention; 

Fig 33 is a view showing schematically the deflection angle detecting device in a 
twenty-fourth embodiment of the present invention; 

Figs. 34A and 34B are diagrams showing transverse aberrations in the optical path of 
Fig. 27 where the rotation angle of the mirror is 0°; 

Figs. 35A and 35B are diagrams showing transverse aberrations in a state of the opti- 



cal path of Fig. 28 (where the rotation angle of the mirror around the X axis is -10°); 

Figs. 36A and 36B are diagrams showing transverse aberrations in a state of the opti- 
cal path of Fig. 29 (where the rotation angle of the mirror around the X axis is 10°); 

Fig. 37 is an explanatory view showing schematically an example of an optical sig- 
nal switch system using the deflection angle detecting device of the present invention; 

Fig. 38 is an explanatory view showing a cross section perpendicular to the reflection 
surface of a rotating mirror and its surrounding construction; 

Fig. 39 is a control block diagram showing another example of an apparatus using 
the deflection angle detecting device according to the present invention; and 

Fig. 40 is a plan view showing schematically an information record reproducing 
system using the deflection angle detecting device according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the present invention will be explained below with reference to 
the drawings. 

The deflection angle detecting device according to the present invention is designed 
to detect the deflection angle by radiating the light-deflecting element deflecting light 
with different light. The present invention, therefore, can be applied to various systems 
provided with such light-deflecting elements. 

In distinction from light deflected by the light-deflecting element, light radiated to 
detect the deflection angle is hereinafter referred to as detection light. 

As examples of such light-deflecting elements, there are galvanomirrors in which a 
mirror for deflecting light is retained to be rotatable by a rotating means such as an elec- 
tromagnetic coil, rotating polyhedral mirrors in which a plurality of mirror surfaces for 
deflecting light are mounted to a motor shaft, movable mirrors in which a mirror for de- 
flecting light is retained by an actuator to change a setting angle, and elements in which a 
prism or hologram is provided to be rotatable in order to deflect light. 
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As systems provided with such light-deflecting elements, for example, there are an 
optical signal switch system and an information record reproducing system (an optical 
information record reproducing system). 

The deflection angle detecting device of prior art is first explained as a typical exam- 
ple. After that, a description will be given of the embodiments of the deflection angle 
detecting device of the present invention and the construction examples of the optical 
signal switch system and the information record reproducing system, each using the de- 
flection angle detecting device of the present invention. 

First, reference is made to the deflection angle detecting device, as a typical example 
of prior art which affords the basis of the present invention, in which a beam splitter is 
used and a position detector is used as a photodetector. 

Fig. 1 shows its schematic construction. An XYZ coordinate system shown in the 
figure is a rectangular coordinate system in which X refers to a direction perpendicular to 
the plane of the paper, and Y and Z refer to directions parallel to the plane of the paper 
and take positive directions with respect to the upper side and the right side, respectively, 
of the figure. 

The deflection angle detecting device of this typical example is provided with a 
semiconductor laser 77 as a light source for radiating light, on the optical axis of which 
are arranged a stop 76, a polarization beam splitter 73, a quarter^wave plate 72, and a 
condenser lens 71 in this order along the direction in which light travels. The condenser 
lens 71 is placed opposite to a detecting reflection surface 70c provided to a part of a 
rotating mirror 70. A position sensitive detector 74 is placed in the direction in which 
light is split by the polarization beam splitter 73. 

The rotating mirror 70 is the light-deflecting element, such as the galvanomirror, for 
example, used in an optical signal switch or an optical information record reproducing 
apparatus. The rotating mirror 70 is provided with the detecting reflection surface 70c 
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on the back side of a deflection mirror surface 70a used for light deflection through a 
fixed member 70b so that an angle of inclination is changed in cooperation with variation 
of the deflection angle of the deflection mirror surface 70a. 

The stop 76 has a circular aperture which reforms the shape of a laser beam radiated 

5 from the semiconductor laser 77 . 

The polarization beam splitter 73 has a polarization beam splitter plane 73a through 
which a p-polarized component of the laser beam is transmitted about 100 % along an 
optical axis 78 and an S polarizes component is reflected about 100 % in the Y direction 
perpendicular to the optical axis 78. 

io The condenser lens 71 is constructed with a lens having positive power. 

The position sensitive detector 74 is provided with a light^eceiving surface 75 in- 
cluding a photoelectric element, which is directed toward the polarization beam splitter 
73. The light-receiving surface 75 is a one-dimensional position sensitive detector (the 
position sensitive detector is commonly abbreviated to PSD) that when a light spot is 

15 radiated, a voltage corresponding to the position of the center of the light intensity of the 

spot is produced to detect the position of the spot. 

In the deflection angle detecting device of the typical example constructed as men- 
tioned above, when the detection light for detecting the deflection angle is radiated as 
the laser beam from the semiconductor laser 77, the shape of the beam is first reformed 

20 through the stop 76. The laser beam is incident on the polarization beam splitter 73, 

and the p-polarized component of the laser beam is transmitted through the polarized 
beam splitter plane, travels in straight lines, and is converted into circularly polarized 
light by the quarter-wave plate 72. The laser beam is condensed by the condenser lens 
71 to radiate the detecting reflection surface. The laser beam, after being reflected back 

25 by the detecting reflection surface 70c, is transmitted through the condenser lens 71 and 

is further condensed. The laser beam is transmitted through the quarter-wave plate 72 
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and thereby is converted into linearly polarized light of only the s^olarized component 
from the circularly polarized light. The laser beam is further reflected in a positive Y 
direction by the polarization beam splitter plane to form a spot of preset size on the posi- 
tion sensitive detector 74. 

In this way, the position of the spot is sensed from the output of the position sensitive 
detector 74. The position of the spot and the deflection angle of the detecting reflection 
surface 70c have a relationship corresponding to optical layout so that the deflection an- 
gle can be detected. 

Subsequently, the embodiments of the deflection angle detecting device in the pre- 
sent invention are described. 
First embodiment 

Figs. 2 A and 2B show an example of the deflection angle detecting device and a 
modified example, respectively, in the first embodiment of the present invention. The 
XYZ coordinate system shown in each of the figures is a rectangular coordinate system 
in which X refers to a direction perpendicular to the plane of the paper, and Y and Z refer 
to directions parallel to the plane of the paper and take positive directions with respect to 
the upper side and the right side, respectively, of each figure. Arrows in the figure indi- 
cate the directions of inclination of the detecting reflection surface. Also, this coordi- 
nate system is also used for embodiments to be described later. 

The deflection angle detecting device of this embodiment has a light source, a de- 
tecting reflection surface 4, a beam splitter 3, and photodetector 5c 

The light source is a semiconductor laser 1 (a semiconductor laser element) emitting 
a laser beam (detection light) toward the detecting reflection surface 4 provided to a 
light-<leflecting element. Reference symbol A denotes an optical axis which coincides 
with the optical axis of the semiconductor laser 1 . The semiconductor laser 1 is placed 
opposite to the detecting reflection surface 4 so that the optical axis A is nearly perpen- 
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dicular to the detecting reflection surface 4. 

On the optical axis A is placed the stop 2 which restricts the transmission range of 
the laser beam to reform the laser beam into a preset shape such as a circle. Optically, 
the same state that a stop is provided, depending on the size of the laser beam, is brought 
about, and thus the stop 2 need not necessarily be used. 

The beam splitter 3 which reflects part of the laser beam to switch the optical path to 
the direction of an optical axis B is placed on the optical axis A between the stop 2 and 
the detecting reflection surface 4. The beam splitter 3 is constructed of a coating with a 
transmittance of about 50 % and a reflectance of about 50 %, deposited on a surface 3a of 
a flat plate, with OHARA S-BSL7, glass such as a white plate, or plastic such as 
ZEONEX as a material. There is no limit to the angle of the beam splitter surface 3a, 
but in each figure, the surface 3a is inclined by 45 9 with respect to the optical axis A. 
The beam splitter surface 3a is placed parallel with the X axis over the entire length of 
the flat plate extending in the X direction. 

The photodetector 5 is placed on the optical axis B split by the beam splitter 3. 
Reference numeral 6 represents a sensor HghWeceiving surface of the photodetector 5. 

The detecting reflection surface 4 has positive power. The detecting reflection sur- 
face 4 may be constructed with a back surface mirror configured into a concave shape, 
having a medium with a refractive index of 1 or more, or a front surface mirror. 

Also, although any semiconductor laser may be used as the semiconductor laser 1, it 
is natural to select a laser provided with a proper wavelength in the relationship with the 
detection sensitivity of the photodetector 5. Since any well-known means may be used, 
it is needless to say that the semiconductor laser 1 is connected to a driving means in- 
cluding a power supply and a modulation driving circuit, not shown, for properly emit- 
ting light. 

As the photodetector 5, the position sensitive detector (the so-called PSD) can be 
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adopted in which when the sensor light-deceiving surface 6 is radiated with the spot of 
the laser beam, a voltage corresponding to the center position of the light intensity of the 
spot is output to sense the position of the spot. The PSD is constructed with an array of 
many photodiodes, for example, as shown in Fig. 3, so that when a preset part is radiated 
with the light beam, voltages corresponding to distances Dl, D2, D3, and D4 from the 
corners of the PSD to the center of the light beam are output from four terminals Tl, T2, 
T3, and T4, and the position (the inclination in X and Y directions) can be detected by 
calculating these output values. 

As the photodetector 5, a detector is adopted in which a one- or two-dimensional 
position is detected in accordance with whether the inclination of the detecting reflection 
surface 4 is one-dimensional (in the X or Y direction) or two-dimensional (in the X and 
Y directions). Also, it is needless to say that the photodetector 5, because of its opera- 
tion, is provided with a proper driving means, not to speak of the power supply, but this 
is well known and thus its explanation is omitted. 

In the deflection angle detecting device of the first embodiment constructed as men- 
tioned above, laser light emitted from the semiconductor laser 1 which is the light source, 
as shown in Fig. 2A, is restricted in its beam size by the stop 2 and is incident on the flat- 
plate-shaped beam splitter 3. About 50 % of the laser light is transmitted through the 
beam splitter surface 3a and is reflected by the detecting reflection surface 4. In this 
case, reflected laser light is condensed by receiving optical positive power by the de- 
tecting reflection surface. The laser light is incident again on the beam splitter 3 and is 
split into transmitted light and reflected light by the beam splitter surface 3a. The re- 
flected light is switched to an optical path bent nearly perpendicular to the optical path of 
incidence and enters the photodetector 5 to form a light spot. 

When the detecting reflection surface 4 is inclined in the X and Y directions, the 
photodetector 5 detects the amount of inclination by detecting the position of the spot on 
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the sensor light-receiving surface 6. 

Fig. 4 shows a state where the detecting reflection surface 4 is inclined in the one- 
dimensional direction (the X or Y direction) and a spot 7a is formed on the sensor light- 
receiving surface 6 of the photodetector 5. Fig. 5 shows the relationship between the 
amount of inclination of the detecting reflection surface 4 and the output of the photode- 
tector 5. 

When the detecting reflection surface 4 is inclined one-dimensionally, the position of 
the spot 7a on the light^*eceiving surface 6 of the photodetector 5 is shifted. In this case, 
the output of the photodetector 5, as shown in the graph of Fig. 5, is almost linearly 
changed. Fig. 6 shows a state where the detecting reflection surface 4 is inclined in the 
two-dimensional direction and a spot 7b is formed on the sensor light-receiving surface 6 
of the photodetector 5. When the detecting reflection surface 4 is inclined in the X and 
Y directions, the spot 7b on the light^eceiving surface 6 is moved in the two- 
dimensional direction. In this case, an output in each direction likewise is as shown in 
the graph of Fig. 5, and the relationship between the amount of inclination (angle) of the 
detecting reflection surface and the output becomes favorable in linearity. In the first 
embodiment, the inclination of the detecting reflection surface 4 can be detected within 
around ±10°. 

In the construction of the first embodiment, therefore, it becomes possible to use 
path switching of light pickup, the tracking means, and a light switching means of optical 
communication which require detection in a wide range of the inclination of the detecting 
reflection surface. 

Also, in the embodiment of the present invention, a four-divided lighWeceiver (a 
four-divided position detector) is used as the photodetector, instead of the position sensi- 
tive detector (PSD), and thereby the deflection angle can also be detected. 

Fig. 7 shows a state where a spot 7 is formed on the sensor light^eceiving surface 6 
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of the photodetector 5 using the divided light-receiver (the four-divided position detec- 
tor). 

The spot diameter of the laser light A condensed on the photodetector 5 using the 
four-divided lighWeceiver (the four-divided position detector) is such as to be larger than 
that of the laser light condensed on the photodetector using the PSD. A light receiving 
surface 8 of the photodetector 5 is divided into four light-receiving subsurfaces (repre- 
sented by 8a, 8b, 8c, and 8d). When the detecting reflection surface 4 is two- 
dimensionally inclined in the X and Y directions, the spot 7 on the light-receiving surface 
8 is moved in a two-dimensional direction. In this case, when outputs corresponding to 
the areas of the light-receiving subsurfaces 8a, 8b, 8c, and 8d, radiated with the laser 
light are represented by A, B, C, and D, the output corresponding to the position in the X 
direction is obtained by calculating (A + D- B-C)/(A + B + C + D) and the output 
corresponding to the position in the Y direction by calculating (A + B - C - D) / (A + B 
+ C + D). The calculated output in each direction is almost linearly changed as far as 
the spot is uniform in shape. 

According to the deflection angle detecting device of the first embodiment construct- 
ed as mentioned above, the following advantages are obtained. 

Where the laser light from the light source is condensed by a positive lens alone, 
considerable curvature of field is produced in order to form the spot, and the spot 
changes markedly in size at the center and the end of the photodetector 5. According to 
the deflection angle detecting device of the first embodiment, however, major power for 
condensing light is imparted to the concave mirror which is the detecting reflection sur- 
face, so that the surface of the mirror can be made smaller in curvature than that of a 
convex lens, such as the condenser lens 71 of the conventional deflection angle detecting 
device shown in Fig. 1, and the production of curvature of field can be lessened. Hence, 
the spot is formed with little change in size at the center and the end of the photodetector 
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5, and read accuracy at the photodetector 5 can be improved. 

In the deflection angle detecting device of the first embodiment, the detecting reflec- 
tion surface 4 is configured as a curved surface (the concave mirror) having a function of 
condensing light. Consequently, the spot can be formed on the photodetector, the con- 
denser lens is not required, the number of parts is reduced, cost and fabrication are ad- 
vantageous, and lightweight and compact design can be achieved. 

According to the deflection angle detecting device of the first embodiment, a major 
condensing function is performed by the concave mirror of the detecting reflection sur- 
face, and thus a loss in the amount of laser light is reduced so that the laser light can be 
effectively used. Even when the layout is mechanically limited, the diameter of the spot 
formed on the photodetector 5 and the amount of movement of the spot can be optimized 
by changing the focal length of the concave mirror, and a wide range of detection be- 
comes possible with respect to the inclination of the detecting reflection surface 4. 

The present applicant has considered the construction that a concave mirror is used 
as the condenser lens and a beam splitter is used for the path switching element, as a de- 
flection angle detecting device. Specifically, the light source and the detecting reflec- 
tion surface are arranged opposite to each other, with the beam splitter between them, 
and the concave mirror and the photodetector are arranged opposite to each other, with 
the beam splitter between them, so as to intersect with the optical path connecting the 
light source and the detecting reflection surface. 

In this construction, however, the light beam from the light source is transmitted 
through the beam splitter with a transmittance of about 50 %, and after being reflected by 
the detecting reflection surface, is reflected by the beam splitter with a reflectance of 
about 50 % to switch the optical path and by the concave mirror which is the condenser 
lens, and is again transmitted through the beam splitter with a transmittance of about 
50% to reach the photodetector. That is, the light beam from the light source passes 
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three times through the beam splitter, and thus the amount of laser light is reduced to 1/8 
when the laser light reaches the photodetector. 

According to the deflection angle detecting device of the first embodiment, by con- 
trast, the detecting reflection surface 4 is constructed with the concave mirror whose back 

5 side has a function of condensing light. The light beam from the light source is trans- 

mitted through the beam splitter, and after being reflected by the detecting reflection sur- 
face 4 having the function of condensing light, is reflected by the beam splitter to switch 
the optical path and reach the photodetector 5. Consequently, the laser beam passes 
only twice through the beam splitter, and 1/4 of the amount of laser light can be used in 

10 the photodetector so that read accuracy can be improved. 

The present applicant has considered the construction that a concave mirror is used 
as the condenser lens and a polarization beam splitter is used for the path switching ele- 
ment, as another deflection angle detecting device. Specifically, the light source and the 
detecting reflection surface are arranged opposite to each other, with the polarization 

15 beam splitter between them, and the concave mirror and the photodetector are arranged 

opposite to each other, with the polarization beam splitter between them, so as to inter- 
sect with the optical path connecting the light source and the detecting reflection surface. 
In this construction, the use of the concave mirror as the condenser lens and the polariza- 
tion beam splitter as the path switching element allows a loss in the amount of light to be 

20 lessened. 

In the case of the above construction, however, quarter^vave plates must be placed, 
for example, between the polarization beam splitter and the detecting reflection surface 
and between the concave mirror and the polarization beam splitter, and a plurality of 
quarter-wave plates are required, with a resulting increase in cost. 
25 According to the deflection angle detecting device of the first embodiment, by con- 

trast, neither the polarization beam splitter nor the quarter^wave plate is required, and a 
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large amount of light can be introduced into the photodetector. 

Also, in the deflection angle detecting device of the first embodiment, the path 
switching element or the path switching plane may be constructed with a half mirror, a 
holographic surface, or a total reflection surface. When the light source and the de- 
tecting reflection surface provided with the concave side are arranged opposite to each 
other as the deflection angle detecting device of the first embodiment, the number of 
quarter-wave plates can be reduced by one, compared with the example before the above 
description, even though the path switching element or the path switching plane is con- 
structed with the polarization beam splitter. When the polarization beam splitter is used, 
a loss in the amount of light is halved even though a source beam is very faint, and hence 
it becomes possible to make measurement with a high degree of accuracy through the 
photodetector. 

According to the deflection angle detecting device of the first embodiment, reflected 
light from the detecting reflection surface 4 is bent through the beam splitter 3 and is 
introduced into the photodetector 5. Since the optical path is bent in this way, compact 
mechanical layout can be achieved. 

The beam splitter which is the path switching element in the deflection angle de- 
tecting device of the first embodiment, as shown in Fig. 2A, may be constructed so that 
the beam splitter surface 3a is configured on one surface of a triangular prism and is 
sandwiched between two triangular prisms. In this case, the beam splitter can be as- 
sembled on the basis of a flat surface 3b which is not the optical working surface, and 
thus the efficiency and accuracy of assembly are improved. Even in each of remaining 
three surfaces, a positioning means can be set outside an effective area which has no op- 
tical work. 
Second embodiment 

Fig. 8 shows the deflection angle detecting device of the second embodiment in the 
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present invention. The deflection angle detecting device of this embodiment is the same 
as that of the first embodiment with the exception that the photodetector and the de- 
tecting reflection surface are arranged opposite to each other through the beam splitter. 
Reference is made to only a construction different from the first embodiment. 

5 In the deflection angle detecting device of the second embodiment, as shown in Fig. 

8, laser light emitted from the semiconductor laser 1 which is the light source and after 
its beam diameter is stopped down by the stop 2, is incident on the flat-plate-shaped 
beam splitter 3. The laser light is reflected by the beam splitter surface 3a with a re- 
flectance of about 50 % and is incident on the detecting reflection surface 4 after the op- 

io tical path is bent at nearly right angles. The detecting reflection surface 4 has optical 

power, and the laser light reflected thereby is split again into transmitted light and re- 
flected light by the beam splitter surface 3a, and after passing through the beam splitter 3 
as 50 % transmitted light to enter the photodetector 5, forms a light spot on the light- 
receiving surface 6. The photodetector 5, like the first embodiment, is the PSD. 

15 In Fig. 8, since the concave mirror of the detecting reflection surface 4 is inclined, 

with the X and Z axes as centers, and thus when the mirror has a rotational symmetrical 
surface profile, a load due to the rotation angle is the same, it becomes easy to control the 
mirror mechanically and electrically. In the second embodiment, the concave mirror is 
configured into a spherical shape. Moreover, when the surface of the concave mirror is 

20 configures as a rotational symmetrical aspherical surface, aberration can be further sup- 

pressed. Where much account of aberration is made, it is also possible to configure the 
detecting reflection surface 4 as a free-formed surface which has an irrotational symmet- 
rical surface profile. In this case, it is desirable that the difference of the amounts of 
SAG (the amounts of change at the Z axis) of the mirror at four corners of the effective 

25 diameter is small. 

As a modified example of the deflection angle detecting device of a type such as that 
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of the second embodiment, as shown in Fig. 9, it is also possible to arrange, in parallel, 
first and second flat-plate-shaped beam splitters 31 and 32 having beam splitter surfaces 
31a and 32a, respectively, as well as first and second detecting reflection surfaces 41 and 
42. In this case, laser light emitted from the single light source 1 is incident on the first 
beam splitter 31 and is split into 50 % reflected light 71 and 50 % transmitted light 72. 
The reflected light 71 follows the same optical path as in the description of Fig. 8, and 
after being reflected by the detecting reflection surface 41 to enter the first beam splitter 
31, is split into transmitted light and reflected light. The light transmitted through the 
first beam splitter 31 reaches a first photodetector 51. The 50 % transmitted light 72 
transmitted through the first beam splitter 31 is incident on the second beam splitter 32 
having the beam splitter surface 32a, placed adjacent thereto. The light reflected by the 
detecting reflection surface 42 is incident on the second beam splitter 32 and is split into 
transmitted light and reflected light, and the light transmitted through the second beam 
splitter 32 is incident on a second photodetector 52 to form a light spot. Whereby, the 
angles of the two detecting reflection surfaces can be measured simultaneously by 
providing only a single light source which is the semiconductor laser, and a sensor which 
is low in cost and small in size can be obtained. Also, by changing the curvatures of the 
detecting reflection surfaces 41 and 42, identically constructed PSDs may be used instead 
of the PSDs 51 and 52. Alternatively, different PSDs may be used without changing the 
curvatures of the detecting reflection surfaces 41 and 42. It is only necessary that such 
matter is properly selected in view of the mechanical factor and the factor of cost of the 
device. 

Third embodiment 

Fig. 10 shows the deflection angle detecting device of the third embodiment in the 
present invention. In this embodiment, instead of the beam splitter in the deflection 
angle detecting device of the second embodiment, a polarization beam splitter is placed 
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as the path switching element. 

The deflection angle detecting device of the third embodiment, as shown in Fig. 10, 
is such that laser light emitted from the semiconductor laser 1 which s the light source is 
restricted in its beam diameter by the stop 2 and is incident on a polarizing plate 80 hav- 
ing the property of transmitting a p-polarized component alone. The laser light passing 
through the polarizing plate 80 becomes light of the p-polarized component alone and is 
incident on the flat-plate-shaped polarization beam splitter 3 coated with a polarization 
beam splitter film. The polarization beam splitter 3 has a reflectance of about 100% for 
the p-polarized light and a reflectance of about 0 % for the s-polarized light, and exhibits 
the properties that the transmittance of the s-polarized light is about 100 % and that of the 
p-polarized light is about 0 % . The laser light, which is the p-polarized light, incident 
on the flat plate 3 is reflected by the beam splitter surface 3a with a reflectance of about 
100 %, and enters a quarter-wave plate 81 after the optical path is bent at nearly right 
angles. The laser light passing through the quarter-wave plate 81 becomes circularly 
polarized light and is reflected by the detecting reflection surface 4. The detecting re- 
flection surface 4 has optical power, and the function of condensing light is imparted to 
the laser light. The laser light reflected by the detecting reflection surface 4 passes 
again through the quarter^wave plate 81, but in this case, it is changed to polarized light 
that is rotated by 90 Q from the phase angle of incident light, that is, the so-called s- 
polarized light. Subsequently, the laser light changed to the s-polarization light is inci- 
dent on the polarization beam splitter 3. Here, since the polarization beam splitter sur- 
face 3a of the polarization beam splitter 3 has a transmittance of about 100 % for the s- 
polarized light, approximately 100 % of the laser light changed to the s-polarized light is 
transmitted through the polarization beam splitter 3 and is incident on the photodetector 5 
to form a light spot on the light-receiving surface 6. 

Also, in Fig. 10, the detecting reflection surface 4 and the photodetector 5 are ar- 
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ranged opposite to each other through the polarization beam splitter 3, but as in the first 
embodiment of Figs. 2A and 2B, even when the light source 1 and the detecting reflec- 
tion surface 4 are arranged opposite to each other through the polarization beam splitter 3, 
the same effect is brought about. 

5 Foyrth embodiment 

The deflection angle detecting device of this embodiment, like the deflection angle 
detecting device shown in Fig. 9, is of a type that the single light source is used to meas- 
ure the inclinations of two detecting reflection surfaces and is constructed so that, by ar- 
ranging, in parallel, the first and second flat-plate-shaped polarization beam splitters 31 

10 and 32 having the polarization beam splitter surfaces 31a and 32a, respectively, as well as 

the first and second detecting reflection surfaces 41 and 42. a loss in the amount of light 
is lessened, accuracy is favorable, and measurements can be made simultaneously. 

Fig. 1 1 shows the deflection angle detecting device of the fourth embodiment in the 
present invention. Here, for convenience of explanation, the first polarization beam 

15 splitter 31, the first detecting reflection surface 41, and the first photodetector 51 are to- 

gether called a first optical element unit, and the second polarization beam splitter 32, the 
second detecting reflection surface 42, and the second photodetector 52 are together 
called a second optical element unit. 

In the deflection angle detecting device of the fourth embodiment, as shown in Fig. 

20 11, the first optical element unit is such that laser light emitted from the semiconductor 

laser 1 which is the light source is restricted in its beam diameter by the stop 2 and is 
incident on the first flat plate 31 coated with the polarization beam splitter film. The 
polarization beam splitter has the same characteristic as in the third embodiment, and the 
laser light of random polarization is such that an approximately 50 % p-polarized com- 

25 ponent is reflected by the first beam splitter 3 1 and an approximately 50 % s-polarized 

component is transmitted therethrough. The laser beam from the light source 1 is such 
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that p^olarized light is reflected by the beam splitter surface 31a of the first beam split- 
ter 31 and is incident on a first quarter-wave plate 81 after the optical path is bent at 
nearly right angles. The laser light is changed to circularly polarized light though the 
first quarter ^wave plate 81 and is reflected by the first detecting reflection surface 41. 
The first detecting reflection surface 41 has optical power, and the function of con- 
densing light is imparted to the laser light. The laser light reflected by the detecting 
reflection surface 41 passes again through the first quarter^vave plate 81, but at this time, 
it is changed to polarized light that is rotated by 90 Q from the phase angle of incident 
light, that is, the sorcalled s-polarized light. The laser light changed to the s-polarized 
light is incident on the first polarization beam splitter 31. Here, since the first beam 
splitter 3 1 has the polarization beam splitter characteristic that the transmittance of the s- 
polarized component is about 100 %, the laser light changed to the s-polarized light is 
transmitted therethrough about 100 % and is incident on the first photodetector 51 to 
form light spot on a light-receiving surface 61. 

Subsequently, in the second optical element unit, of random polarized light from the 
light source, the 50 % s-polarized light transmitted through the first polarization beam 
splitter 31 is incident on the second beam splitter 32. Here, the characteristics of the 
polarization beam splitter imparted to the flat plate of the second polarization beam 
splitter 32 are opposite to those of the first polarization beam splitter 31. The second 
polarization beam splitter 32 is constructed to have a reflectance of about 100 % for the 
s-polarized component and a reflectance of about 0 % for the p-polarized component and 
to exhibit the characteristics that the transmittance of the p-polarized component is about 
100 % and the transmittance of the s-polarized component is about 0 %. The laser 
beam of the s-polarized light incident on the second polarization beam splitter 32 is re- 
flected about 100 % by the beam splitter surface 32a of the second polarization beam 
splitter 32 and is incident on a second quarter-wave plate 82 after the optical path is bent 
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at nearly right angles. The laser light is changed to circularly polarized light through 
the second quarter-wave plate 82 and is reflected by the second detecting reflection sur- 
face 42. The second detecting reflection surface 42 has optical power, and the function 
of condensing light, as in the first optical element unit, is imparted to the laser light. 
The laser light reflected by the detecting reflection surface 42 passes again through the 
second quarter^wave plate 82, but at this time, it is changed to polarized light that is ro- 
tated by 9(P from the phase angle of incident light, that is, the so-called p-polarized light. 
The laser light changed to the s-polarized light is incident on the second polarization 
beam splitter 32. Here, since the second polarization beam splitter 32 has the polariza- 
tion beam splitter characteristic that the transmittance of the p-polarized component is 
about 100 %, the laser light changed to the p-polarized light is transmitted therethrough 
about 100 % and is incident on the second photodetector 52 to form light spot on a light- 
receiving surface 62. 

According to the deflection angle detecting device of the fourth embodiment, the 
characteristics of the first and second polarization beam splitters are made different from 
each other (reverse), and thereby, of the light beam from the light source, 50 % light whi- 
ch is the p-polarized light and 50 % light which is s-polarized light can be conducted to 
the photodetectors by the first optical element unit and the second optical element unit, 
respectively, without loss of the amount of light. Consequently, it becomes possible to 
make measurements with a high degree of accuracy. 

Since only the single semiconductor laser is required for the light source, the number 
of parts is reduced, space saving and the simplification of assembly can be afforded, and 
a cost reduction in parts and a power reduction on operation can be achieved. 

Other effects of optical performance are almost the same as in the third embodiment. 
Fifth embodiment 

Figs. 12 A, 12B, and 12C show states where the rotation angle of the mirror is 0 Q , the 
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mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the fifth embodiment of the present invention. Here, in the rotation angle of 
the mirror, it is assumed that counterclockwise rotation around the X axis takes a positive 
sign. 

The deflection angle detecting device of this embodiment is constructed so that the 
detecting reflection surface 4 is configured as the reflection surface of an irrotational 
symmetrical surface profile which combines a function of switching the optical path with 
a function of condensing light, and the beam splitter or the polarization beam splitter in 
the first to fourth embodiments is not used. 

In the deflection angle detecting device of the fifth embodiment, as shown in the 
figures, laser light emitted from the semiconductor laser 1 which is the light source is 
restricted in its beam diameter by the stop 2 and is reflected by the detecting reflection 
surface 4. The detecting reflection surface 4 is decentered with respect to the optical 
axis so that reflected light does not interfere with the light source or the stop. When the 
optical path is switched, the reflected light reflected by the detecting reflection surface 4 
undergoes at the same time the function of condensing light by the optical power of the 
irrotational symmetrical surface profile configured on the detecting reflection surface 4 
and is incident on the photodetector 5 to form a light spot on the light^eceiving surface 
6. 

According to the deflection angle detecting device of the fifth embodiment, the sur- 
face of the function of condensing light and the surface of the function of switching the 
optical path are combined, and thus the path switching means of the path switching ele- 
ment, such as the beam splitter or the polarization beam splitter, is not required. Conse- 
quently, the number of parts is reduced, cost is considerably lowered, and the man-hour 
of assembly can also be reduced. The number of degrees of layout freedom is mechani- 
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cally increased, and compactness can be achieved. Since the detecting reflection sur- 
face 4 can be configured as the surface with a reflectance of 100 % and the source beam 
is conducted to the photodetector with little loss of the amount of light, it becomes pos- 
sible to make measurements with a high degree of accuracy. 

However, a decentered surface suffers from special aberration caused by decentra- 
tion. For example, astigmatism or coma is produced and distortion (image distortion) 
assumes the shape of a trapezoid or an arc, peculiar to decentering aberration. In the 
deflection angle detecting device of the fifth embodiment, the detecting reflection surface 
4 is decentered and placed to switch the optical path and suffers from special aberration 
caused by decentration. Thus, in the deflection angle detecting device of the fifth em- 
bodiment, the detecting reflection surface 4 is configured as an irrotational symmetrical 
surface. As such, by making a difference of curvature or inclination between the upper 
and lower portions of the effective diameter, decentering aberration can be favorably cor- 
rected. 

Also, if the influence of the decentering aberration is slight, the detecting reflection 
surface 4 may be configured as a rotational symmetrical surface. 
Sixth embodiment 

Figs. 13 A, 13B, and 13C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10- around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the sixth embodiment of the present invention. Here, in the rotation angle of 
the mirror, it is assumed that counterclockwise rotation around the X axis takes a positive 
sign. 

The deflection angle detecting device of this embodiment is constructed so that an 
optical element 9 is interposed between the light source and the detecting reflection sur- 
face 4, which is configured as the reflection surface of an irrotational symmetrical sur- 
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face profile which combines a function of switching the optical path with a function of 
condensing light. Reference is made to only a construction different from the fifth em- 
bodiment. 

In the deflection angle detecting device of the fifth embodiment, as shown in the 

5 figures, laser light emitted from the semiconductor laser 1 which is the light source is 

restricted in its beam diameter by the stop 2 and passes through the optical element 9 
interposed between the light source and the detecting reflection surface 4. Divergent 
light from the light source, when passing through the optical element 9, is subjected to a 
function of condensing light. The light subjected to the function of condensing light is 

10 reflected by the detecting reflection surface 4. The detecting reflection surface 4 is de- 

centered with respect to the optical axis so that reflected light does not interfere with the 
light source or the stop. When the optical path is switched, the reflected light reflected 
by the detecting reflection surface 4 undergoes at the same time the function of con- 
densing light by the optical power of the irrotational symmetrical surface profile config- 

15 ured on the detecting reflection surface 4 and is incident on the photodetector 5 to form a 

light spot on the lighWeceiving surface 6. 

According to the deflection angle detecting device of the sixth embodiment, the op- 
tical element 9 is provided between the light source and the detecting reflection surface 4, 
and thus the function of condensing light can be distributed to the optical element 9 and 

20 the detecting reflection surface 4 to lessen the optical power of the detecting reflection 

surface 4. Since the detecting reflection surface 4 is decentered and placed and com- 
bines the function of switching the optical path, special aberration is produced by decen- 
tration. However, by lessening the optical power of the detecting reflection surface 4, 
the curvature can be made small and the number of degrees of freedom of the surface 

25 profile is increased so that it becomes easy to set the irrotational symmetrical surface 

profile which suppresses the production of the decentering aberration. 
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Sev enth embodiment 

Figs. 14A, 14B, and 14C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 e around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the seventh embodiment of the present invention. Here, in the rotation angle 
of the mirror, it is assumed that counterclockwise rotation around the X axis takes a 
positive sign. 

The deflection angle detecting device of this embodiment is constructed so that the 
detecting reflection surface 4 is configured as the reflection surface which combines a 
function of switching the optical path with a function of condensing light, and the beam 
splitter or the polarization beam splitter in the first to fourth embodiments is not used. 
Moreover, the optical element 9 correcting decentering aberration is interposed between 
the detecting reflection surface 4 and the photodetector 5. Reference is made to only a 
construction different from the fifth embodiment. 

In the deflection angle detecting device of the seventh embodiment, as shown in the 
figures, laser light emitted from the semiconductor laser 1 which is the light source is 
restricted in its beam diameter by the stop 2 and is reflected by the detecting reflection 
surface 4. The detecting reflection surface 4 is decentered with respect to the optical 
axis so that reflected light does not interfere with the light source or the stop. When the 
optical path is switched, the reflected light reflected by the detecting reflection surface 4 
undergoes at the same time the function of condensing light by the optical power provid- 
ed to the detecting reflection surface 4 and is incident on the optical element 9. The 
incident light beam is refracted through and emerges from the optical element 9, and is 
incident on the photodetector 5 to form a light spot on the light-receiving surface 6. 

The deflection angle detecting device of the seventh embodiment is such that the 
detecting reflection surface 4 is rotated by ±10° around the X and Y axes. Here, in the 
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control of the detecting reflection surface 4, when the profile of the detecting reflection 
surface 4 is not symmetrical, it is necessary to control the inclination angle, including the 
physical weight of the detecting reflection angle 4. This complicates the circuit. Fur- 
thermore, a heavy load is imposed in a certain direction, and therefore the possibility of 
5 failure is increased. 

Thus, in the deflection angle detecting device of the seventh embodiment, the de- 
tecting reflection surface 4 is configured as a rotational symmetrical surface. Conse- 
quently, the control of the inclination angle is facilitated and mechanical strength can be 
increased. 

io However, since the detecting reflection surface 4 is decentered, special aberration is 

produced by decentration. Thus, in the deflection angle detecting device of the seventh 
embodiment, the optical element 9 for correction for aberration is interposed between the 
detecting reflection surface 4 and the photodetector 5, and hence an optical system of the 
least aberration can be achieved. Since the optical element 9 for correction for aberra- 

15 tion is adapted to compensate the difference of curvature or inclination between the up- 

per and lower portions, caused by decentration, the reflection surface is set to an irrota- 
tional symmetrical surface profile in which the curvature or inclination is different in the 
upper and lower portions of the effective diameter, and thereby aberration can be favora- 
bly corrected. 

20 Eighth embodiment 

Figs. 15 A, 15B, and 15C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10- around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the eighth embodiment of the present invention. Here, in the rotation angle of 

25 the mirror, it is assumed that counterclockwise rotation around the X axis takes a positive 

sign. 



31 



The deflection angle detecting device of this embodiment is constructed so that the 
detecting reflection surface 4 is configured as the reflection surface which combines a 
function of switching the optical path with a function of condensing light, and the beam 
splitter or the polarization beam splitter in the first to fourth embodiments is not used. 

5 Moreover, an optical element, at least one optical surface of which is a reflection surface, 

is interposed between the detecting reflection surface 4 and the photodetector 5. Refer- 
ence is made to only a construction different from the seventh embodiment. 

In the deflection angle detecting device of the eighth embodiment, as shown in the 
figures, laser light emitted from the semiconductor laser 1 which is the light source is 

10 restricted in its beam diameter by the stop 2 and is reflected by the detecting reflection 

surface 4 decentered with respect to the optical axis. When the optical path is switched, 
the reflected light reflected by the detecting reflection surface 4 undergoes at the same 
time the function of condensing light by the optical power of a rotational symmetrical 
surface provided to the detecting reflection surface 4 and is incident on an optical ele- 

15 ment 10. The source beam, refracted through and incident on an entrance surface 10a, 

is reflected through a reflection surface 10b. Whereby, the light beam is subjected to 
the function of condensing light while changing its optical path and is refracted and 
transmitted through an exit surface 10c. The light beam emerging from the optical ele- 
ment 10 is incident on the photodetector 5 and forms a light spot on the light-receiving 

20 surface 6. 

According to the deflection angle detecting device of the eighth embodiment, the 
optical element 10 correcting special aberration caused by decentration is constructed to 
include at least one reflection surface 10b. Hence, the reflection surface 10b, in contrast 
with a convex lens provided for correction for aberration, can be configured with small 
25 curvature to correct aberration. The reflection surface 10b of the optical element 10 not 

only corrects aberration produced by the detecting reflection surface 4, but also is capa- 
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ble of having light-condensing power of the source beam. This light-condensing power 
can be obtained by smaller curvature than in a convex lens or a front surface mirror. As 
such, according to the deflection angle detecting device of the eighth embodiment, the 
function of condensing light can be distributed to the detecting reflection surface 4 and 
the reflection surface of the optical element 10 and the detecting reflection surface 4 can 
be configured as the surface of small curvature. Consequently, the special aberration 
caused by decentration can be minimized. 

The deflection angle detecting device of the eighth embodiment is constructed so 
that the detecting reflection surface 4 is a spherical surface rotated by ±10° around the X 
and Y axes, and the reflection surface 10b of the optical element 10 for correction for 
aberration is an irrotational symmetrical free-formed surface. Whereby, each of the 
entrance surface 10a and the exit surface 10c can be configured as a flat surface, and it 
can be used as a reference for assembly. 

In addition to the construction of the eighth embodiment, when an optical element, 
such as a lens, is interposed between the detecting reflection surface 4 and the light 
source 1, the distribution of the optical power becomes possible, and the production of 
the special aberration by decentration can be suppressed. 
Ninth embodiment 

Figs. 16A, 16B, and 16C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 e around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the ninth embodiment of the present invention. Here, in the rotation angle of 
the mirror, it is assumed that counterclockwise rotation around the X axis takes a positive 
sign. 

The deflection angle detecting device of this embodiment is constructed so that the 
detecting reflection surface 4 is configured as the reflection surface which combines a 
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function of switching the optical path with a function of condensing light, and the beam 
splitter or the polarization beam splitter in the first to fourth embodiments is not used. 
Moreover, the common optical element 10 is interposed between the light source 1 and 
the detecting reflection surface 4 and between the detecting reflection surface 4 and the 
photodetector 5. Reference is made to only a construction different from the eighth 
embodiment. 

In the deflection angle detecting device of the ninth embodiment, as shown in the 
figures, laser light emitted from the semiconductor laser 1 which is the light source is 
restricted in its beam diameter by the stop 2 and is incident on the optical element 10. 
The light is refracted through the surfaces 10a and 10b and is subjected to the function of 
condensing light to emerge from the optical element 10. An emergent ray is reflected 
by the detecting reflection surface 4 decentered with respect to the optical axis. When 
the optical path is switched, the reflected light reflected by the detecting reflection sur- 
face 4 undergoes at the same time the function of condensing light by the optical power 
of a concave surface provided to the detecting reflection surface 4 and is incident on the 
optical element 10. The source beam, refracted through and incident on the entrance 
surface 10a, is reflected through the reflection surface 10b. Whereby, the light beam is 
subjected to the function of condensing light while changing its optical path and is re- 
fracted and transmitted through the exit surface 10c. The light beam emerging from the 
optical element 10 is incident on the photodetector 5 and forms a light spot on the light- 
receiving surface 6. 

According to the deflection angle detecting device of the ninth embodiment, the 
laser beam from the light source is transmitted through the optical element 10 and there- 
by a refracting function can be exerted on the light beam to impose a part of a path 
change for preventing the interfere of mechanical layout of the detecting reflection sur- 
face 4, the light source, and the photodetector 5. As a result, the amount of decentration 
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of the detecting reflection surface 4 can be set to a minimum, and the production of de- 
centering aberration is lessened. 

In general, the amount of production of aberration increases with increasing image 
height. However, according to the deflection angle detecting device of the ninth em- 
bodiment, the optical element 10 is placed ahead of the detecting reflection surface 4 and 
thus the light beam from the light source is subjected to the function of condensing light 
by the surfaces 10a and 10b and is reduced in its diameter. Consequently, the effective 
diameter of the detecting reflection surface 4 is reduced and the production of aberration 
can be suppressed. 

According to the deflection angle detecting device of the ninth embodiment, the op- 
tical element 10 correcting special aberration by decentration includes the reflection sur- 
face, and hence aberration can be corrected by smaller curvature than in the convex lens. 
The reflection surface of the optical element 10 not only corrects aberration produced by 
the detecting reflection surface 4, but also is capable of having the optical power for con- 
densing the light beam from the light source. The function of condensing light can thus 
be distributed to the detecting refraction surface 4 and the reflection surface of the optical 
element 10, and it is possible that the curvature of the detecting reflection surface 4 is 
made small. In this way, the special aberration by decentration can be reduced. 

Also, since two reflection surfaces, the detecting reflection surface 4 and the reflec- 
tion surface of the optical element 10, are provided, the number of degrees of freedom of 
mechanical layout by bending the optical path is increased. 

If at least one surface of the optical element 10 is constructed with an irrotational 
symmetrical surface, decentering aberration can be efficiently corrected. 

In the deflection angle detecting device of the ninth embodiment, the surface 10a of 
the optical element 10 is configured as the irrotational symmetrical surface, and the sur- 
face 10b and the exit surface 10c are configured as flat surfaces so that assembly and 
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productivity are improved. 
Tenth embodiment 

Figs. 17A, 17B, and 17C show states where the rotation angle of the mirror is 0 9 , the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
5 -10- around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 

device of the tenth embodiment of the present invention. Here, in the rotation angle of 
the mirror, it is assumed that counterclockwise rotation around the X axis takes a positive 
sign. 

The deflection angle detecting device of this embodiment is constructed so that the 
10 detecting reflection surface 4 is configured as the reflection surface which combines a 

function of switching the optical path with a function of condensing light, and at the 
same time, is also used as the back surface 10b of the optical system 10 for correction for 
aberration. 

In the deflection angle detecting device of the tenth embodiment, as shown in the 
15 figures, laser light emitted from the semiconductor laser 1 which is the light source is 

restricted in its beam diameter by the stop 2, and after being transmitted through the opti- 
cal element 9 which is a positive lens, is refracted through and incident on the entrance 
surface 10a of the optical element 10. The light beam incident on the entrance surface 
10a is reflected by the surface 10b which is the back surface of the optical element 10 
20 and is also the detecting reflection surface 4. The surface 10b is decentered with respect 

to the optical axis, and when the optical path is switched, the reflected light reflected by 
the detecting reflection surface 4 undergoes at the same time the function of condensing 
light by a curved surface configured on the surface 10b and is refracted through and 
emerges from the exit surface 10c of the optical element 10. The light beam emerging 
25 from the optical element 10 is incident on the photodetector 5 and forms a light spot on 

the light receiving surface 6. 
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In the deflection angle detecting device of the tenth embodiment, the detecting re- 
flection surface 4 suffers from decentering aberration due to the decentered reflection 
surface, but this aberration is corrected by using the optical element 10. The optical 
element 10 is such that the surface 10b combines the reflection surface having the func- 
tion of condensing light with the detecting reflection surface 4. Thus, according to the 
deflection angle detecting device of the tenth embodiment, the number of parts can be 
reduced, a position adjustment with the detecting reflection surface 4 becomes unneces- 
sary, the accuracy of assembly is improved, and a cost reduction can be achieved. 

Where the detecting reflection surface 4 is constructed to be independent of the opti- 
cal element 10, the light passes through a common area, extending from the light source 
to the detecting reflection surface 4, irrespective of the rotation angle of the detecting 
reflection surface 4, while in the optical path after reflection by the detecting reflection 
surface 4, the light passes through different areas, from the surface of the optical element. 
Therefore, aberration produced by the difference of the rotation angle is corrected by 
only the surfaces of the optical element 10 situated behind the detecting reflection sur- 
face 4. 

In the deflection angle detecting device of the tenth embodiment, by contrast, the 
detecting reflection surface 4 is constructed integrally with the optical element 10, and 
thus when the optical element is rotated, an effect equivalent to the rotation of the de- 
tecting reflection surface 4 is brought about, and the light beam passes through different 
areas with respect to both the source-side surface 10a from the detecting reflection sur- 
face 4 and the surface 10c of the optical element 10 in the optical path behind the de- 
tecting reflection surface 4 so that the number of degrees of freedom of correction is in- 
creased. Thus, according to the deflection angle detecting device of the tenth embodi- 
ment, correction for decentering aberration produced by the reflection surface of the sur- 
face 10b is distributed to the surfaces 10 a and 10c so that favorable correction can be 
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made, and read accuracy at the photodetector 5 can be improved. 
Eleventh embodiment 

Figs. 18 A, 18B, and 18C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 e around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 e around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the eleventh embodiment of the present invention. Here, in the rotation angle 
of the mirror, it is assumed that counterclockwise rotation around the X axis takes a 
positive sign. 

The deflection angle detecting device of this embodiment is constructed so that the 
detecting reflection surface 4 is configured as the reflection surface which combines a 
function of switching the optical path with a function of condensing light, and so that the 
optical element 10 having a path switching function surface 3'a is interposed between the 
light source and the detecting reflection surface 4 and an optical element 9' for correction 
for aberration is interposed between the detecting reflection surface 4 and the photode- 
tector 5. 

In the deflection angle detecting device of the eleventh embodiment, as shown in the 
figures, laser light emitted from the semiconductor laser 1 which is the light source is 
restricted in its beam diameter by the stop 2, and is refracted through and incident on the 
entrance surface 10a of the optical element 10. The light beam incident on the entrance 
surface 10a enters the surface 10b at an angle larger than the critical angle and thereby is 
totally reflected to change the optical path so that the light beam travels away from the 
detecting reflection surface 4 and is reflected by the path switching function surface 3'a 
provided in the optical element 10 to change the optical path toward the detecting reflec- 
tion surface 4. The light beam is incident almost normally on the surface 10b and 
thereby is refracted and transmitted through the surface 10b to enter the detecting reflec- 
tion surface 4. 
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Subsequently, the light beam, after being reflected by the detecting reflection surface 
4, is transmitted through the path switching function surface 3'a and is refracted and 
transmitted through a surface 9'a of the optical element 9' cemented to the optical ele- 
ment 10 to emerge from the optical element 9\ The light beam leaving the optical ele- 
ment 9' is incident on the photodetector 5 and forms a light spot on the light-receiving 
surface 6. 

In the deflection angle detecting device of the eleventh embodiment, the detecting 
reflection surface 4 is decentered and placed so that the light beam reflected by the de- 
tecting reflection surface 4 is prevented from interfering with the light source. As such, 
the light beam emitted from the light source is reflected by the surface 10b and the path 
switching function surface 3'a of the optical element 10 to change the optical path and is 
incident almost normally on the detecting reflection surface 4. Since the detecting re- 
flection surface 4 takes charge of the function of condensing light and has great optical 
power, decentering aberration is considerably produced when this surface is decentered. 

Thus, the deflection angle detecting device of the eleventh embodiment is construct- 
ed so that the light beam can be incident normally on the detecting reflection surface 4 by 
switching the optical path of the optical axis. Consequently, it becomes possible to sup- 
press the production of the decentering aberration, and a favorable spot with little distor- 
tion can be formed on the light^eceiving surface 6. 

The light beam passes through a constant area, extending from the light source to the 
detecting reflection surface 4, irrespective of the rotation angle of the detecting reflection 
surface 4, and thus when a rotational symmetrical surface, for example, a spherical sur- 
face or an aspherical surface is set, aberration is favorably corrected. On the other hand, 
the light beam after being reflected by the detecting reflection surface 4 passes through 
different areas in accordance with the rotation angles with respect to individual surfaces 
of the optical member placed on the optical path behind the detecting reflection surface 4. 
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It is thus necessary to correct aberration in accordance with the rotation angles. In par- 
ticular, special aberration caused by decentration is favorably corrected by defining an 
irrotational symmetrical surface. Here, the irrotational symmetrical surface refers to a 
decentered rotational symmetrical surface, an anamorphic surface, a toric surface, or a 
free-formed surface. 

Thus, in the deflection angle detecting device of the eleventh embodiment, the sur- 
face 9'a of the optical member 9' is configured as the irrotational symmetrical surface to 
make correction for aberration. 
Twelfth embodiment 

The twelfth embodiment is an example where the construction of the first embodi- 
ment is actually designed by numerical parameters. 

Figs. 19A, 19B, and 19C show states where the mirror is not rotated, the mirror is 
rotated by -10- around the X axis in the Y-Z plane, and the mirror is rotated by 10 Q 
around the X axis in the Y-Z plane, respectively, in the optical system of the deflection 
angle detecting device of the twelfth embodiment of the present invention. Here, in the 
rotation angle of the mirror, it is assumed that counterclockwise rotation around the X 
axis takes a positive sign. 

The function and effect of this embodiment are almost the same as those of the first 
embodiment. 
Thirteenth e mbodiment 

The thirteenth embodiment is an example where an optical element 9a is interposed 
between the flat plate 3 for splitting the optical path and the light source in the second 
embodiment, the detecting reflection surface 4 is configured as a back reflection surface 
of an optical element 9b, the reflection surface 4 is configured with small curvature, and 
the function of condensing light is distributed to the optical elements 9a and 9b so that 
this construction is actually designed by numerical parameters. 
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Figs. 20A, 20B, and 20C show states where the mirror is not rotated, the mirror is 
rotated by -10- around the X axis in the Y-Z plane, and the mirror is rotated by 10° 
around the X axis in the Y-Z plane, respectively, in the optical system of the deflection 
angle detecting device of the thirteenth embodiment of the present invention. 

The function and effect of this embodiment are almost the same as those of the sec- 
ond embodiment. 
Fourteenth embodiment 

The fourteenth embodiment is an example where the flat plate in the second em- 
bodiment is replaced with a prism and this construction is actually designed by numerical 
parameter. 

Figs. 21A, 21B, and 21C show states where the mirror is not rotated, the mirror is 
rotated by -10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 10 Q 
around the X axis in the Y-Z plane, respectively, in the optical system of the deflection 
angle detecting device of the fourteenth embodiment of the present invention. 

The function and effect of this embodiment are almost the same as those of the sec- 
ond embodiment. 
Fifteenth embodiment 

Figs. 22A, 22B, and 22C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the fifteenth embodiment of the present invention. 

The deflection angle detecting device of this embodiment includes the light source 1, 
a cover glass, the optical element 9, the detecting reflection surface 4, an optical element 
20, and the photodetector 5. 

The light source is a semiconductor laser 1 (a semiconductor laser element) emitting 
a laser beam (detection light) toward the detecting reflection surface 4 provided to the 
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light-deflecting element. 

On the optical axis A is placed the stop (not shown) which restricts the transmission 
range of the laser beam to reform the laser beam into a preset shape such as a circle. 
Optically, the same state that a stop is provided, depending on the size of the laser beam, 
is brought about, and thus the stop need not necessarily be used. 

The optical element 9 has positive power and suppresses the spread of the light beam 
from the light source. 

The detecting reflection surface 4 is provided to a rotating mirror, not shown, and is 
inclined with respect to the optical axis A within the limit of 10° < 0 < 70°, where 0 is 
the incident angle of an axial chief ray from the light source. In the detecting reflection 
surface 4, it is favorable that the incident angle 0 is set within the limit of 25° < 0 < 70°, 
preferably 35° < 0 < 60°. 

The optical element 20 has a surface 20a, a reflection surface 20b, and an exit sur- 
face 20c. The surface 20a and the exit surface 20c are configured as flat surfaces. The 
surface 20a has functions of an entrance surface and a reflection surface in different areas. 
The reflection surface 20b is configured into an irrotational symmetrical surface profile. 
The reflection surface 20b is configured as a back reflection surface coated with a reflec- 
tion film. The reflection surface 20b is inclined and placed so that the axial chief ray 
reflected by the detecting reflection surface 4 is reflected back toward the light source 1 . 

The deflection angle detecting device of the fifteenth embodiment is constructed so 
that an angle a made by the axial chief ray incident on the reflection surface 20b with the 
axial chief ray reflected by the reflection surface 20b is set within the limit of 20° < a < 
110°. 

The photodetector 5 is placed close to the light source 1 . The sensor light receiving 
surface 6 is directed toward the emission side of the light source 1 . 

Also, although any semiconductor laser may be used as the semiconductor laser 1, 
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it is natural to select a laser provided with a proper wavelength in the relationship with 
the detection sensitivity of the photodetector 5. Since any well-known means may be 
used, it is needless to say that the semiconductor laser 1 is connected to a driving means 
including a power supply and a modulation driving circuit, not shown, for properly emit- 
ting light. 

As the photodetector 5, the position sensitive detector (the so-called PSD) can be 
adopted in which when the sensor light^eceiving surface 6 is radiated with the spot of 
the laser beam, a voltage corresponding to the center position of the light intensity of the 
spot is output to sense the position of the spot. The PSD is constructed with an array of 
many photodiodes, for example, as shown in Fig. 3, so that when a preset part is radiated 
with the light beam, voltages corresponding to distances Dl, D2, D3, and D4 from the 
corners of the PSD to the center of the light beam are output from four terminals Tl, T2, 
T3, and T4, and the position (the inclination in X and Y directions) can be detected by 
calculating these output values. 

As the photodetector 5 is adopted a detector in which a one- or two-dimensional 
position is detected in accordance with whether the inclination of the detecting reflection 
surface 4 is one-dimensional (in the X or Y direction) or two-dimensional (in the X and 
Y directions). Also, it is needless to say that the photodetector 5, because of its opera- 
tion, is provided with a proper driving means, not to speak of the power supply, but this 
is well known and thus its explanation is omitted. 

In the deflection angle detecting device of the fifteenth embodiment constructed as 
mentioned above, as shown in Fig. 22A, laser light emitted from the semiconductor laser 
1 which is the light source, after passing through the cover glass, is suppressed in spread 
of the light beam through the optical element 9 and is incident on and reflected by the 
detecting reflection surface 4. The light reflected by the detecting reflection surface 4 is 
incident on the surface 20a of the optical element 20, and after being refracted and 
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transmitted through the surface 20a, is reflected by the surface 20b. The light reflected 
by the surface 20b is condensed by the function of positive power. After being incident 
again on and totally reflected by the surface 20a, the light is refracted and transmitted 
through the exit surface 20c to emerge from the optical element 20. The light is then 
incident on the photodetector 5 and forms a light spot on the sensor light-receiving sur- 
face 6. 

When the detecting reflection surface 4 is inclined in the X and Y directions, the 
photodetector 5 detects the amount of inclination by detecting the position of the spot on 
the sensor light-receiving surface 6. 

When the detecting reflection surface 4 is inclined one-dimensionally, the position of 
the spot 7a on the light^eceiving surface 6 of the photodetector 5 is shifted. In this case, 
the output of the photodetector 5, as shown in the graph of Fig. 5, is almost linearly 
changed. When the detecting reflection surface 4 is inclined in the X and Y directions, 
the spot 7b on the light^eceiving surface 6 is moved in the two-dimensional direction. 
In this case, an output in each direction likewise is as shown in the graph of Fig. 5, and 
the relationship between the amount of inclination (angle) of the detecting reflection sur- 
face and the output becomes favorable in linearity. In the fifteenth embodiment, the 
inclination of the detecting reflection surface 4 can be detected within around ±10°. 

In the construction of the fifteenth embodiment, therefore, it becomes possible to 
use path switching of light pickup, the tracking means, and a light switching means of 
optical communication which require detection in a wide range of the inclination of the 
detecting reflection surface. 

Also, in the embodiment of the present invention, a four-divided lighWeceiver (a 
four-divided position detector) is used as the photodetector, instead of the position sensi- 
tive detector (PSD), and thereby the deflection angle can also be detected. 

The spot diameter of the laser light A condensed on the photodetector 5 using the 
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four-divided light^eceiver (the four-divided position detector) is such as to be larger than 
that of the laser light condensed on the photodetector using the PSD. As shown in Fig. 
7, the light^eceiving surface 8 of the photodetector 5 is divided into four light-receiving 
subsurfaces (represented by 8a, 8b, 8c, and 8d). When the detecting reflection surface 4 
is two-dimensionally inclined in the X and Y directions, the spot 7 on the light-receiving 
surface 8 is moved in a two-dimensional direction. In this case, when outputs corre- 
sponding to the areas of the light^eceiving subsurfaces 8a, 8b, 8c, and 8d, radiated with 
the laser light are represented by A, B, C, and D, the output corresponding to the position 
in the X direction is obtained by calculating (A + D- B-C)/(A + B + C + D) and the 
output corresponding to the position in the Y direction by calculating (A + B - C - D) / 
(A + B + C + D). The calculated output in each direction is almost linearly changed as 
far as the spot is uniform in shape. 

According to the deflection angle detecting device of the fifteenth embodiment con- 
structed as mentioned above, the following advantages are obtained. 

According to the deflection angle detecting device of the fifteenth embodiment, the 
detecting reflection surface 4 is inclined by a preset angle with respect to the optical axis 
of light radiated from the light source, and hence there is no need to provide the path 
switching means such as the beam splitter or the polarization beam splitter. Conse- 
quently, the number of parts is lessened, and cost and assembly man-hour can be reduced. 
Furthermore, the number of degrees of freedom of mechanical layout is increased. 

Since the path switching means is not required, there is no loss of the amount of light 
received by the photodetector, and thus detection accuracy is higher than in the case 
where the beam splitter or the polarization beam splitter is provided. 

In the deflection angle detecting device of the fifteenth embodiment, the light beam 
is entirely reflected by the reflection surface 20b and is totally reflected by the surface 
20a, with the result that there is no loss of the amount of light. Consequently, a detec- 
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tion error by the photodetector is minimized, and detection accuracy is improved. 

Where the laser light from the light source is condensed by a positive lens whose 
transmission surface has condensing power, considerable curvature of field is caused by 
spot formation, and there is a large difference in spot size between the center and the end 
of the photodetector. In contrast to this, according to the deflection angle detecting de- 
vice of the fifteenth embodiment, the reflection surface 20b of the optical element 20 is 
configured as a surface with positive power, and power for chiefly condensing light is 
imparted to this surface. As such, compared with the case where the transmission sur- 
face, like the positive lens, has positive power, the curvature of the surface with power 
can be moderated and aberration can be suppressed. Therefore, the spot is formed with 
little change in size at the center and the end of the photodetector 5, and read accuracy at 
the photodetector 5 can be improved. 

According to the deflection angle detecting device of the fifteenth embodiment, the 
detecting reflection surface 4 is inclined by a preset angle with respect to the optical axis 
of light radiated from the light source, and in addition to this, the optical element 20 is 
provided with two reflection surfaces (20a and 20b). Consequently, the number of de- 
grees of freedom in the direction in which the optical path is bent is increased, and com- 
pact mechanical layout becomes possible. 

Like the deflection angle detecting device of the fifteenth embodiment, when the re- 
flection surface 20b with positive power in the optical element 20 is inclined and placed, 
special aberration is produced by decentration. For example, axial astigmatism or coma 
is produced and distortion (image distortion) assumes the shape of a trapezoid or an arc, 
peculiar to decentering aberration. 

Thus, in the deflection angle detecting device of the fifteenth embodiment, the re- 
flection surface 20b of the optical element 20 is configured as an irrotational symmetrical 
surface. As such, by making a difference of curvature or inclination in the effective 
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diameter, decentering aberration can be favorably corrected. 

Again, the irrotational symmetrical surface refers to a decentered rotational symmet- 
rical surface, an anamorphic surface, a toric surface, or a free-formed surface. 

When the irrotational symmetrical surface provided to the optical element 20 is con- 
figured as the free-formed surface, the decentering aberration can be more favorably cor- 
rected. 

In a decentering optical system including the irrotational symmetrical surface, as- 
sembly and position adjustment are extremely difficult to pose a serious problem. 
However, in the deflection angle detecting device of the fifteenth embodiment, two sur- 
faces (20a and 20c), of the optical working surfaces of the optical element 20, are con- 
figured as flat surfaces. As a result, since each of the flat surfaces 20a and 20c can be 
used as a reference for assembly, the position adjustment on assembly is facilitated, and 
the efficiency and accuracy of assembly are improved. In the optical element 20, it is 
only necessary to handle one surface (20b), and thus a handling process can be simpli- 
fied. 

In the deflection angle detecting device of the fifteenth embodiment, the optical 
element 9 is interposed between the light source and the detecting reflection surface 4, 
and hence the light beam from the light source having a constant NA function is subject- 
ed to the function of condensing light so that beam diameters on the detecting reflection 
surface 4 and the optical working surfaces of the optical element 20 are reduced. The 
optical system can thus be constructed to be compact. 

Generally, in optical aberration, the amount of correction for aberration increases 
with increasing image height, and thus, like the deflection angle detecting device of the 
fifteenth embodiment, when the light beam is made incident on the detecting reflection 
surface 4 after the beam diameter is reduced through the optical element 9, the produc- 
tion of aberration can be suppressed. 
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Furthermore, the function of condensing light is imparted to the optical elements 9 
and 20 to lessen the power of the optical element 20, and thereby the amount of produc- 
tion of optical aberration, notably decentering aberration, can be reduced. 

• Since the placement of the optical element 9 enables the NA of the light source to be 
increased without increasing the size of the optical system and the production of aberra- 
tion, the amount of light reaching the photodetector 5 is increased and measuring accura- 
cy can be improved. 

According to the deflection angle detecting device of the fifteenth embodiment, the 
photodetector 5 is placed close to the light source 1 so that the sensor light-receiving sur- 
face 6 is directed toward the exit side of the light source 1. Consequently, space is 
provided behind the photodetector 5 and electronic and mechanical mechanisms are 
placed in this space, with a result that further compactness can be achieved. 

The photodetector 5 is placed close to the light source, and the sensor IighH*eceiving 
surface 6 of the photodetector 5 and the exit side of the light source are directed in almost 
the same direction. Whereby, the electric and mechanical mechanisms of both can be 
together placed closely, the mechanical layout is simplified, and the work efficiency of 
assembly is improved. Moreover, mechanical and electric parts or mechanisms can also 
be used in common or integrally constructed, and the number of parts can be lessened for 
a cost reduction. Additionally, in the layout of the device, the electric mechanism, the 
mechanical mechanism, and optical mechanism can be independently placed. It is pos- 
sible to shield the optical mechanism sensitive to dust, and productivity can be improved. 

Also, when the mechanical mechanism and the electric mechanism are placed inte- 
grally as far as possible, productivity is improved, but a complete shield of the photode- 
tector and the light source or the optical mechanism is not necessarily required. 
Sixteenth embodiment 

Figs. 23 A, 23B, and 23C show states where the rotation angle of the mirror is 0 Q , the 
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mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the sixteenth embodiment of the present invention. 

The deflection angle detecting device of this embodiment has almost the same con- 
struction as that of the fifteenth embodiment with the exception that the optical element 
20 has two flat surfaces 20a and 20c and two reflection surfaces 20b and 20d, each hav- 
ing positive power and an irrotational symmetrical surface profile, and the sensor light- 
receiving surface 6 of the photodetector 5 is not directed toward the exit side of the light 
source 1 . 

In the deflection angle detecting device of the sixteenth embodiment constructed as 
mentioned above, as shown in Fig. 23A, laser light emitted form the semiconductor laser 
1 which is the light source passes through the cover glass, and after being suppressed in 
spread of the light beam through the optical element 9 to enter the detecting reflection 
surface 4, is reflected by the detecting reflection surface 4. The light reflected by the 
detecting reflection surface 4 is incident on the entrance surface 20a of the optical ele- 
ment 20, is refracted and transmitted through the surface 20a, and is reflected by the re- 
flection surface 20b. The light reflected by the reflection surface 20b is condensed by 
the function of the positive power. The light is incident again on the surface 20a and is 
totally reflected by the surface 20a. The light is then incident on, and totally reflected 
by, the surface 20d, and after being refracted and transmitted through the exit surface 20c 
and emerging from the optical element 20, is incident on the photodetector 5 to form a 
light spot on the sensor light-receiving surface 6. Also, the photodetector 5, like the 
fifteenth embodiment, is constructed with the PSD. 

According to the deflection angle detecting device of the sixteenth embodiment, the 
detecting reflection surface 4 is inclined by a preset angle with respect to the optical axis 
of light radiated from the light source, and in addition to this, the optical element 20 is 
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provided with three reflection surfaces (20a, 20b, and 20d). Consequently, the number 
of degrees of freedom in the direction in which the optical path is bent is further in- 
creased, and further compact mechanical layout becomes possible. 

However, in the deflection angle detecting device of the sixteenth embodiment, in 
which the sensor light^eceiving surface 6 of the photodetector 5 is not directed toward 
the exit side of the light source 1 , sufficient space cannot be provided behind the photo- 
detector 5 and it is difficult to place the electric and mechanical mechanisms. 

Other functions and effects are about the same as in the fifteenth embodiment. 
Seventeenth embodiment 

Figs. 24 A, 24B, and 24C show states where the rotation angle of the mirror is 0-, the 
mirror is rotated by 10 Q around the X axis in the Y-Z plane, and the mirror is rotated by 
-10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the seventeenth embodiment of the present invention. 

In the deflection angle detecting device of this embodiment, like the fifteenth em- 
bodiment, the optical element 20 has two flat surfaces 20a and 20c and one reflection 
surface 20b of irrotational symmetrical surface profile, having positive power. How- 
ever, in the seventeenth embodiment, the surface 20a functions as the entrance surface 
alone and fails to function as the reflection surface. The seventeenth embodiment is in 
this respect different from the fifteenth embodiment. Other structures are about the 
same as in the fifteenth embodiment. 

In the deflection angle detecting device of the seventeenth embodiment constructed 
as described above, as shown in Fig. 24A, laser light emitted form the semiconductor 
laser 1 which is the light source passes through the cover glass, and after being sup- 
pressed in spread of the light beam through the optical element 9 to enter the detecting 
reflection surface 4, is reflected by the detecting reflection surface 4. The light reflected 
by the detecting reflection surface 4 is incident on the entrance surface 20a of the optical 
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element 20, is refracted and transmitted through the surface 20a, and is reflected by the 
reflection surface 20b. The light reflected by the reflection surface 20b is condensed by 
the function of the positive power. The light is then refracted and transmitted through 
the exit surface 20c, and after emerging from the optical element 20, is incident on the 
photodetector 5 to form a light spot on the sensor light-receiving surface 6. 

According to the deflection angle detecting device of the seventeenth embodiment, 
the surface 20a of the optical element 20 is configured to function as an entrance surface 
alone. Consequently, the surface 20a can be made smaller than in the fifteenth em- 
bodiment, and the optical element 20 can be designed to be compact so that further com- 
pactness of the entire device is achieved. 

Other effects and functions are almost the same as in the fifteenth embodiment. 
E ighteenth embodiment 

Figs. 25 A, 25B, and 25C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10 9 around the X axis in the Y-Z plane, and the mirror is rotated by 
• -10 Q around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the eighteenth embodiment of the present invention. 

In the deflection angle detecting device of this embodiment, an optical element 20' 
combining the function of suppressing the spread of a light beam with the function of 
condensing light is placed to replace the optical element 9 suppressing the spread of the 
light beam and the optical element 20 having the function of condensing light in the fif- 
teenth to seventeenth embodiments. 

The optical element 20' has optical working surfaces constructed with two surfaces 
20'a and 20'b. Each of the surfaces 20'a and 20'b has functions of the entrance surface 
and the exit surface in its different areas. The surface 20'a is configured into an irrota- 
tional symmetrical surface profile, having positive power. The area of the entrance sur- 
face of the surface 20'a functions so that the light beam from the light source does not 
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spread, while the area of the exit surface is such that the function of condensing light is 
exerted. The surface 20 f b is configured as a flat surface. 

Other structures are almost the same as in the fifteenth embodiment. 

In the deflection angle detecting device of the eighteenth embodiment constructed as 
mentioned above, as shown in Fig. 25A, laser light emitted from the semiconductor laser 
1 which is the light source, after passing through the cover glass, is incident on, and is 
refracted and transmitted through, the surface 20'a of the optical element 20' and is sup- 
pressed in the spread of the light beam by the function of positive power. Subsequently, 
the light is refracted and transmitted through the surface 20'b to emerge from the optical 
element 20' and is incident on, and is reflected by, the detecting reflection surface 4. 
The light reflected by the detecting reflection surface 4 is incident on, and is refracted 
and transmitted through, the surface 20'b of the optical element 20' and is refracted and 
transmitted through the surface 20'a to emerge from the optical element 20'. The light 
transmitted through the surface 20'a is condensed by the function of positive power. 
The light beam emerging from the optical element 20' is incident on the photodetector 5 
to form a light spot on the sensor HghWeceiving surface 6. 

According to the deflection angle detecting device of the eighteenth embodiment, 
the single optical element 20' combines the function of the optical element 9 of sup- 
pressing the spread of the light beam and the function of the optical element 20 of con- 
densing light in the fifteenth to seventeenth embodiments, and thus the number of parts 
can be reduced. Consequently, cost can be reduced and assembly efficiency can be im- 
proved. 

Since the optical working surfaces of the optical element 20' are configured as two 
surfaces, each combining the functions of the entrance surface and the exit surface, the 
optical work can be imparted four times to the light beam by the two surfaces. As a 
result, the power can be effectively imparted. Moreover, since the power can be dis- 
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tributed, the curvature of the corresponding surface can be kept to a minimum, and aber- 
ration can be suppressed. 

In the deflection angle detecting device of the eighteenth embodiment, the detecting 
reflection surface 4 is inclined by a preset angle with respect to the optical axis of light 
radiated from the light source. Hence, the number of degrees of freedom in the direc- 
tion in which the optical path is bent is increased, and compact mechanical layout be- 
comes possible. 

According to the deflection angle detecting device of the eighteenth embodiment, 
the surface 20'a of the optical element 20' is configured as the irrotational symmetrical 
surface. As such, by making a difference of curvature or inclination in the effective 
diameter, the detecting reflection surface 4 is inclined by a preset angle with respect to 
the optical axis of light radiated from the light source and decentering aberration pro- 
duced thereby can be favorably corrected. 

Also, the irrotational symmetrical surface of the optical element 20' is replaced by a 
free-formed surface, decentering aberration can be more favorably corrected. 

In the deflection angle detecting device of the eighteenth embodiment, the optical 
element 20' is interposed between the light source and the detecting reflection surface 4, 
and hence the light beam from the light source having a constant NA function is subject- 
ed to the function of condensing light so that beam diameters on the detecting reflection 
surface 4 and the optical working surfaces of the optical element 20' of light reflected by 
the detecting reflection surface 4 are reduced. The optical system can thus be con- 
structed to be compact. 

Generally, in optical aberration, the amount of correction for aberration increases 
with increasing image height, and thus, like the deflection angle detecting device of the 
eighteenth embodiment, when the light beam is made incident on the detecting reflection 
surface 4 after the beam diameter is reduced through the optical element 20', the produc- 
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tion of aberration can be suppressed. 

Furthermore, the function of condensing light is imparted to the surfaces 20 f a and 
20'b of the optical element 20' so that the function is exerted twice with respect to each 
surface, to lessen the power of the optical element 20', and thereby the amount of pro- 
duction of optical aberration, notably decentering aberration, can be reduced. 

Since the placement of the optical element 20' enables the NA of the light source to 
be increased without increasing the size of the optical system and the production of aber- 
ration, the amount of light reaching the photodetector 5 is increased and measuring accu- 
racy can be improved. 

According to the deflection angle detecting device of the eighteenth embodiment, as 
in the fifteenth and seventeenth embodiments, the photodetector 5 is placed close to the 
light source 1 so that the sensor light^-eceiving surface 6 is directed toward the exit side 
of the light source 1. Consequently, space is provided behind the photodetector 5 and 
electronic and mechanical mechanisms are placed in this space, with a result that further 
compactness can be achieved. 
Nin eteenth embodiment 

Figs. 26 A, 26B, and 26C show states where the rotation angle of the mirror is 0 Q , the 
mirror is rotated by 10° around the X axis in the Y-Z plane, and the mirror is rotated by 
-10- around the X axis in the Y-Z plane, respectively, in the deflection angle detecting 
device of the nineteenth embodiment of the present invention. 

In the deflection angle detecting device of this embodiment, an optical element 
20" combining the function of suppressing the spread of a light beam with the function of 
condensing light is placed to replace the optical element 9 suppressing the spread of the 
light beam and the optical element 20 having the function of condensing light in the fif- 
teenth to seventeenth embodiments. 

The optical element 20" is constructed with three surfaces 20"a, 20"b, and 20"c. 
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Each of the surfaces 20"a, 20"b is configured into an irrotational symmetrical surface 
profile. The surface 20"a has functions of the entrance surface and the reflection sur- 
face in its different areas. The surface 20"a also has positive power, and the area of the 
entrance surface of the surface 20 M a functions so that the light beam from the light source 
does not spread, while the area of the reflection surface is such that the function of con- 
densing light is exerted. The surface 20"b has functions of the exit surface and the en- 
trance surface in its different areas. The surface 20"b also has positive power, and the 
area of the exit surface of the surface 20"b shares the function exerted so that the light 
beam from the light source does not spread in the area of the entrance surface of the sur- 
face 20"a, while the area of the entrance surface shares the function of condensing light 
in the area of the reflection surface of the surface 20"a. The surface 20"c has the func- 
tion of the exit surface. The surface 20"c also has positive power and shares the func- 
tion of condensing light in the areas of the reflection surface of the surface 20"a and the 
entrance surface of the surface 20"b. 

In the deflection angle detecting device of the nineteenth embodiment, the reflection 
surface 20"a of the optical element 20" is inclined and placed so that an axial chief ray 
reflected by the detecting reflection surface 4 is reflected in a direction opposite to the 
light source. The sensor light^eceiving surface 6 of the photodetector 5 is directed in a 
direction opposite to the exit side of the light source 1 and is places away from the light 
source 1. 

In the deflection angle detecting device of the nineteenth embodiment constructed as 
described above, as shown in Fig. 26A, laser light emitted from the semiconductor laser 
1 which is the light source passes through the cover glass, is incident on the surface 20"a 
of the optical element 20", is refracted and transmitted through the surfaces 20"a and 
20"b, and is suppressed in the spread of the light beam by the functions of positive power 
of individual surfaces to emerge form the optical element 20". The light beam emerg- 
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ing therefrom is incident on, and is reflected by, the detecting reflection surface 4. The 
light reflected by the detecting reflection surface 4 is incident on, and is refracted and 
transmitted through, the surface 20"b of the optical element 20", is reflected by the sur- 
face 20"a, is transmitted through the surface 20" c, and is condensed by the functions of 
positive power of individual surfaces to emerge from the optical element 20". The light 
beam emerging from the optical element 20" is incident on the photodetector 5 and forms 
a light spot on the sensor light^eceiving surface 6. 

According to the deflection angle detecting device of the nineteenth embodiment, 
the single optical element 20" combines the function of the optical element 9 of sup- 
pressing the spread of the light beam and the function of the optical element 20 of con- 
densing light in the fifteenth to seventeenth embodiments, and thus the number of parts 
can be reduced. Consequently, cost can be reduced and assembly efficiency can be im- 
proved. 

Since the optical working surfaces of the optical element 20" are configured as three 
surfaces so that the surface 20 "a combines the functions of the entrance surface and the 
reflection surface and the surface 20"b combines the functions of the exit surface and the 
entrance surface, the optical work can be imparted four times to the light beam by the 
two surfaces 20"a and 20"b. As a result, the power can be effectively imparted. 
Moreover, since the power can be distributed, the curvature of the corresponding surface 
can be kept to a minimum, and aberration can be suppressed. 

Even in the deflection angle detecting device of the nineteenth embodiment, the de- 
tecting reflection surface 4 is inclined by a preset angle with respect to the optical axis of 
light radiated from the light source. Hence, the number of degrees of freedom in the 
direction in which the optical path is bent is increased, and compact mechanical layout 
becomes possible. 

According to the deflection angle detecting device of the nineteenth embodiment, 
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each of the surfaces 20"a, 20"b, and 20"c of the optical element 20 M is configured as the 
irrotational symmetrical surface. As such, by making a difference of curvature or incli- 
nation in the effective diameter, the detecting reflection surface 4 is inclined by a preset 
angle with respect to the optical axis of light radiated from the light source and decen- 
tering aberration produced thereby can be favorably corrected. 

Also, the irrotational symmetrical surface of the optical element 20' is replaced by a 
free-formed surface, decentering aberration can be more favorably corrected. 

In the deflection angle detecting device of the nineteenth embodiment, the surface 
20" a of the optical element 20" combines the entrance surface with the reflection surface, 
and thus the light incident at an angle larger than the critical angle is totally reflected by 
the reflection surface 20"a. Hence, there is no need to coat the surface 20"a with a re- 
flection film. 

In the deflection angle detecting device of the nineteenth embodiment, the optical 
element 20" is interposed between the light source and the detecting reflection surface 4, 
and hence the light beam from the light source having a constant NA function is subject- 
ed to the function of condensing light so that beam diameters on the detecting reflection 
surface 4 and the optical working surfaces of the optical element 20" of light reflected by 
the detecting reflection surface 4 are reduced. The optical system can thus be con- 
structed to be compact. 

Generally, in optical aberration, the amount of correction for aberration increases 
with increasing image height, and thus, like the deflection angle detecting device of the 
eighteenth embodiment, when the light beam is made incident on the detecting reflection 
surface 4 after the beam diameter is reduced through the optical element 20", the produc- 
tion of aberration can be suppressed. 

Furthermore, the function of condensing light is imparted to the surfaces 20 M a, 20"b, 
and 20"c of the optical element 20" so that the function is exerted twice by the surfaces 
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20"a and 20"b, to lessen the power of the optical element 20 M , and thereby the amount of 
production of optical aberration, notably decentering aberration, can be reduced. 

Since the placement of the optical element 20" enables the NA of the light source to 
be increased without increasing the size of the optical system and the production of aber- 
ration, the amount of light reaching the photodetector 5 is increased and measuring accu- 
racy can be improved. 
Twentieth embodiment 

Figs. 27, 28, and 29 show states where the rotation angle of the mirror is 0 Q , the mir- 
ror is rotated by 10 e around the X axis in the Y-Z plane, and the mirror is rotated by -10 Q 
around the X axis in the Y-Z plane, respectively, in the deflection angle detecting device 
of the twentieth embodiment of the present invention. 

The deflection angle detecting device of this embodiment includes the light source, 
the cover glass, a prism 30, the detecting reflection surface 4, a decentered lens 40, and 
the photodetector 5. 

The light source is the semiconductor laser 1 (a semiconductor laser element) emit- 
ting a laser beam (detection light) toward the detecting reflection surface 4 provided to a 
light-deflecting element. 

Also, although any semiconductor laser may be used as the semiconductor laser 1, it 
is natural to select a laser provided with a proper wavelength in the relationship with the 
detection sensitivity of the photodetector 5. Since any well-known means may be used, 
it is needless to say that the semiconductor laser 1 is connected to a driving means in- 
cluding a power supply and a modulation driving circuit, not shown, for properly emit- 
ting light. 

The prism 30 and the decentered lens 40 are interposed between the detecting reflec- 
tion surface 4 and the photodetector 5. The prism 30 has three optical working surfaces: 
a first surface 30a, a second surface 30b, and a third surface 30c. 
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The first surface 30a is an entrance surface having the function of transmitting a laser 
beam from the light source through the prism. The first surface has positive power. 
The second surface 30b is configured as an aspherical surface with positive power and is 
opposite to the detecting reflection surface 4. The second surface 30b combines, ac- 
cording to its areas, a reflection surface having the function of totally reflecting the light 
transmitted through the first surface 30a toward the third surface 30c, an exit surface 
having the function of transmitting the light reflected by the third surface 30c toward the 
detecting reflection surface 4, and an entrance surface having the function of transmitting 
the light reflected by the detecting reflection surface 4 through the prism. The third 
surface 30c combines, according to its areas, a path switching surface reflecting a part of 
the light beam from the light source totally reflected by the second surface 30b to switch 
. the optical path toward the detecting reflection surface 4 and an exit surface having the 
function of transmitting the light beam from the detecting reflection surface 4 transmitted 
through the second surface 30b, toward the photodetector 5. The third surface 30c is 
configured as a free-formed surface with positive power 

The decentered lens 40 is situated between the prism 30 and the photodetector 5 and 
is cemented to the prism 30. The decentered lens 40 has two optical working surface: a 
first surface 40a (corresponding to a fourth surface in the present invention) and a second 
surface 40b (corresponding to a fifth surface in the present invention). 

The first surface 40a is configured as a free-formed surface and is cemented to the 
surface 30c of the prism 30 by means of UV hardening resin, constituting an entrance 
surface having the function of transmitting the light emerging from the surface 30c of the 
prism 30. The second surface 40b is configured as a free-formed surface with positive 
power, constituting an exit surface having the function of transmitting the light beam 
transmitted through the surface 40a. 

Each of the prism 30 and the decentered lens 40 is constructed of a medium with a 
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refractive index of 1 or more, as glass material, for example, glass such as OHARA S- 
BSL7 or optical plastic such as amorphous polyolefin. 

It is only necessary that each of the prism 30 and the decentered lens 40 is construct- 
ed of a medium with a refractive index of 1 or more, and a medium constructed so that 
the interior of the glass material is hollow or is filled with a liquid is also applicable. 

The surface 30c is a polarization beam splitter surface coated with a polarization film 
that, of polarized components perpendicular to each other, one linearly polarized compo- 
nent (here, p-polarized light) is transmitted and the other linearly polarized component 
(here, s -polarized light) is reflected. The prism 30 and the decentered lens 40 constitute 
a single polarization beam splitter. 

A quarter-wave plate, although not shown in the figure, is interposed between the 
surface 30b and the detecting reflection surface 4. 

The photodetector 5 is placed on the optical axis of the light transmitted through the 
polarization beam splitter surface 30c. 

As the photodetector 5, the position sensitive detector (the so-called PSD) can be 
adopted in which when the sensor lighH-eceiving surface 6 is radiated with the spot of 
the laser beam, a voltage corresponding to the center position of the light intensity of the 
spot is output to sense the position of the spot. The PSD is constructed with an array of 
many photodiodes, for example, as shown in Fig. 3, so that when a preset part is radiated 
with the light beam, voltages corresponding to distances Dl, D2, D3, and D4 from the 
corners of the PSD to the center of the light beam are output from four terminals Tl, T2, 
T3, and T4, and the position (the inclination in X and Y directions) can be detected by 
calculating these output values. 

As the photodetector 5 is adopted a detector in which a one- or two-dimensional 
position is detected in accordance with whether the inclination of the detecting reflection 
surface 4 is one-dimensional (in the X or Y direction) or two-dimensional (in the X and 
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Y directions). Also, it is needless to say that the photodetector 5, because of its opera- 
tion, is provided with a proper driving means, not to speak of the power supply, but this 
is well known and thus its explanation is omitted. 

In the deflection angle detecting device of the twentieth embodiment constructed as 
mentioned above, as shown in Figs. 27-29, laser light emitted from the semiconductor 
laser 1 which is the light source passes through the cover glass and is transmitted through 
the first surface 30a with positive power of the prism 30 to enter the second surface 30b. 
The light beam is incident on the second surface 30b at an angle larger than the critical 
angle and thereby is totally reflected. Subsequently, the s-polarized light is reflected by 
the polarization beam splitter surface 30c and enters again the second surface 30b. In- 
cident light is transmitted through the second surface 30b, and after being transmitted 
through the quarter-wave plate, not shown, to become circularly polarized light, is inci- 
dent on, and is reflected by, the detecting reflection surface 4. The light reflected by the 
detecting reflection surface 4 is transmitted again through the quarter-wave plate, not 
shown, to become p-polarized light. Subsequently, the light is transmitted again 
through the second surface 30b of the prism 30 and is incident on the beam splitter sur- 
face 30c. The light is transmitted through the beam splitter surface 30c and the first 
surface 40a of the decentered lens 40 to enter the decentered lens 40 and is transmitted 
through the second surface 40b with positive power, thereby emerging from the decen- 
tered lens 40. The light leaving the decentered lens 40 is incident on the photodetector 
5 and forms a light spot. 

When the detecting reflection surface 4 is inclined in the X and Y directions, the 
photodetector 5 detects the amount of inclination by detecting the position of the spot on 
the sensor light receiving surface 6. 

When the detecting reflection surface 4 is inclined one-dimensionally, the position of 
the spot 7a on the light-receiving surface 6 of the photodetector 5 is shifted. In this case, 
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the output of the photodetector 5, as shown in the graph of Fig. 5, is almost linearly 
changed. When the detecting reflection surface 4 is inclined in the X and Y directions, 
the spot 7b on the light-receiving surface 6 is moved in the two-dimensional direction. 
In this case, an output in each direction likewise is as shown in the graph of Fig. 5, and 
the relationship between the amount of inclination (angle) of the detecting reflection sur- 
face and the output becomes favorable in linearity. In the twentieth embodiment, the 
inclination of the detecting reflection surface 4 can be detected within around ±10°. 

In the construction of the twentieth embodiment, therefore, it becomes possible to 
use path switching of light pickup, the tracking means, and a light switching means of 
optical communication which require detection in a wide range of the inclination of the 
detecting reflection surface. 

Also, in the embodiment of the present invention, a four-divided light^eceiver (a 
four-divided position detector) is used as the photodetector, instead of the position sensi- 
tive detector (PSD), and thereby the deflection angle can also be detected. 

The spot diameter of the laser light A condensed on the photodetector 5 using the 
four-divided light receiver (the four-divided position detector) is such as to be larger than 
that of the laser light condensed on the photodetector using the PSD. As shown in Fig. 
7, the light-receiving surface 8 of the photodetector 5 is divided into four light-receiving 
subsurfaces (represented by 8a, 8b, 8c, and 8d). When the detecting reflection surface 4 
is two-dimensionally inclined in the X and Y directions, the spot 7 on the light^eceiving 
surface 8 is moved in a two-dimensional direction. In this case, when outputs corre- 
sponding to the areas of the light^eceiving subsurfaces 8a, 8b, 8c, and 8d, radiated with 
the laser light are represented by A, B, C, and D, the output corresponding to the position 
in the X direction is obtained by calculating (A + D - B - C) / (A + B + C + D) and the 
output corresponding to the position in the Y direction by calculating (A + B - C - D) / 
(A + B + C + D). The calculated output in each direction is almost linearly changed as 
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far as the spot is uniform in shape. 

According to the deflection angle detecting device of the twentieth embodiment con- 
structed as mentioned above, the following advantages are obtained. 

In the deflection angle detecting device of the twentieth embodiment, since the first 
surface 30a of the prism 30 has positive power, the height of a marginal ray of light 
emitted from the light source is lowered and the light beam becomes small. Conse- 
quently, the F-number is reduced and the production of aberration can be suppressed. 
Moreover, the free-formed surfaces are provided in the optical paths before and behind 
the detecting reflection surface, and thus aberration of an off-axis ray, such as curvature 
of field or distortion, produced by the rotation of the detecting reflection surface can be 
corrected. Whereby, a reduction in change of the spot diameter, at the center and the 
end of the photodetector, of a ray reaching the photodetector caused by the rotation of the 
detecting reflection surface, or the rotation angle of the detecting reflection surface and 
the linearity of the ray position on the photodetector can be further ensured, and the de- 
tection of the deflection angle with a high degree of accuracy becomes possible. 

In the deflection angle detecting device of the twentieth embodiment, the reflection 
angle larger than the critical angle is obtained so that the light incident from the first sur- 
face 30a of the prism 30 on the interior is totally reflected by the second surface 30b of 
the prism 30, and hence a loss of the amount of light is kept to a minimum. Since the 
second surface 30b need not be coated with the reflection film, cost can be reduced ac- 
cordingly. 

Furthermore, the second surface 30b is a surface causing the light to emerge from the 
prism 30 toward the detecting reflection surface 4 and is also a surface rendering the light 
reflected by the detecting reflection surface 4 incident on the prism 30, so that it func- 
tions as a total reflection surface and a transmission surface by itself. Consequently, the 
optical working surfaces are effectively used and cost can be reduced accordingly. 
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In the deflection angle detecting device of the twentieth embodiment, the third sur- 
face 30c of the prism 30 is configured as a surface with positive power and has the func- 
tion of rendering the light from the light source nearly parallel in the optical system to the 
detecting reflection surface. The surface 30c, which is coated with a film so as to func- 
tion as a polarization beam splitter, reflects the s-polarized light from the light source and 
transmits the p-polarized light which is incident again on the prism 30 through the quar- 
ter^wave plate (not shown), the detecting reflection surface, and the quarter^wave plate 
(not shown). In so doing, the third surface 30c has two functions of reflection and 
transmission, but a loss in the amount of light of this surface can be kept to a minimum. 

In the deflection angle detecting device of the twentieth embodiment, the first sur- 
face 40a of the decentered lens 40 is configured into almost the same profile as the third 
surface 30c of the prism 30, and both are cemented by means of UV hardening resin. 
As a result, the interface between the third surface 30c of the prism 30 and the first sur- 
face 40a of the decentered lend 40 ceases to exist theoretically, and a loss of the amount 
of light can be minimized. Also, when the light is incident on the decentered lens 40 
from the prism 30, the power is practically lost. 

In the deflection angle detecting device of the twentieth embodiment, the second sur- 
face 40b of the decentered lens 40 is configured as a transmission surface with positive 
power, and therefore the light can be condensed on the light^eceiving surface of the 
photodetector 5 by the power of the surface 40b in the optical system after reflection by 
the detecting reflection surface 4. 

Where the detecting reflection surface is rotated, its reflection point has a field angle 
twice the rotation angle as the entrance pupil. Hence, if the surface 40b is spherical, it 
becomes difficult to correct aberration of an off-axis ray. In the twentieth embodiment, 
the surface 40b is configured as a free-formed surface, and thus aberration of the off-axis 
ray is easily corrected. 



64 



In the deflection angle detecting device of the twentieth embodiment, the optical 
system of the prism 30 and the decentered lend 40 and the photodetector 5 are arranged 
opposite to the detecting reflection surface 4, and thus the electric system is integrally 
constructed so that the entire device can be designed to be compact. 
Twenty-first embodiment 

Fig. 30 shows the deflection angle detecting device in the twenty-first embodiment 
of the present invention. The deflection angle detecting device of this embodiment has 
almost the same construction as that of the twentieth embodiment with the exception that 
the second surface 40b of the decentered lens 40 is configured as a Fresnel surface with 
positive power. 

According to the deflection angle detecting device of the twenty-first embodiment, 
since the second surface 40b of the decentered lens 40 is configured as the Fresnel sur- 
face, this surface can be designed like a flat plate, and the layout of the entire device is 
facilitated in contrast with the deflection angle detecting device of the twentieth em- 
bodiment. Other functions and effects are about the same as in the twentieth embodi- 
ment. 

Twenty-second embodiment 

Fig. 31 shows the deflection angle detecting device in the twenty-second embodi- 
ment of the present invention. In the deflection angle detecting device of this embodi- 
ment, the surface 30a of the prism 30 is configured as a Fresnel surface, and the second 
and third surfaces 30b and 30c and the first surface 40a of the decentered lens 40 are con- 
figured to be flat. The second surface 40b of the decentered lens 40 is configured to be 
spherical. The detecting reflection surface 4 is also configured to be spherical. Other 
structures are almost the same as in the twentieth embodiment. 

According to the deflection angle detecting device of the twenty-second embodi- 
ment, the prism 30 is a triangle prism, only one surface of which is configured as the 
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Fresnel surface, and the decentered lens 40 has a simple shape, including the flat surface 
and the spherical surface. Thus, production becomes easier than in the twentieth em- 
bodiment, and cost can be reduced accordingly. 

Since the cemented surface between the prism 30 and the decentered lens 40 is flat, 
a cementation process is facilitated, which is advantageous for performance and cost. 

The deflection angle detecting device of the twenty-second embodiment brings 
about the same function and effect as in the twentieth embodiment as described below. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the first surface 30a of the prism 30 has positive power, and 
hence the height of a marginal ray of light emitted from the light source is lowered and 
the light beam becomes small. Consequently, the Fniumber is reduced and the produc- 
tion of aberration can be suppressed. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the reflection angle larger than the critical angle is obtained so 
that the light incident from the first surface 30a of the prism 30 on the interior is totally 
reflected by the second surface 30b of the prism 30, and hence a loss of the amount of 
light is kept to a minimum. Since the second surface 30b need not be coated with the 
reflection film, cost can be reduced accordingly. 

Furthermore, the second surface 30b is a surface causing the light to emerge from the 
prism 30 toward the detecting reflection surface 4 and is also a surface rendering the light 
reflected by the detecting reflection surface 4 incident on the prism 30, so that it func- 
tions as a total reflection surface and a transmission surface by itself. Consequently, the 
optical working surfaces are effectively used and cost can be reduced accordingly. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the third surface 30c of the prism 30, which is coated with a film 
so as to function as a polarization beam splitter, reflects the s-polarized light from the 
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light source and transmits the p-polarized light which is incident again on the prism 30 
through the quarter-wave plate (not shown), the detecting reflection surface, and the 
quarter-wave plate (not shown). In so doing, the third surface 30c has two functions of 
reflection and transmission, but a loss in the amount of light of this surface can be kept to 
a minimum. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the first surface 40a of the decentered lens 40 is configured into 
almost the same profile as the third surface 30c of the prism 30, and both are cemented 
by means of UV hardening resin. As a result, the interface between the third surface 
30c of the prism 30 and the first surface 40a of the decentered lend 40 ceases to exist 
theoretically, and a loss of the amount of light can be minimized. Also, when the light 
is incident on the decentered lens 40 from the prism 30, the power is practically lost. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the second surface 40b of the decentered lens 40 is configured as 
a transmission surface with positive power, and therefore the light can be condensed on 
the light^eceiving surface of the photodetector 5 by the power of the surface 40b in the 
optical system after reflection by the detecting reflection surface 4. 

In the deflection angle detecting device of the twenty-second embodiment, as in the 
twentieth embodiment, the optical system of the prism 30 and the decentered lend 40 and 
the photodetector 5 are arranged opposite to the detecting reflection surface 4, and thus 
the electric system is integrally constructed so that the entire device can be designed to 
be compact. 

Twenty-third embodiment 

Fig. 32 shows the deflection angle detecting device in the twenty-third embodiment 
of the present invention. The deflection angle detecting device of this embodiment has 
almost the same construction as that of the twenty-second embodiment with the excep- 
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tion that the detecting reflection surface 4 is configured as a Fresnel surface, and the sec- 
ond surface 40b of the decentered lens 40 is configured as a free-formed surface. 

According to the deflection angle detecting device of the twenty-third embodiment, 
the detecting reflection surface can be designed like a flat plate, and the layout of the 
entire device is facilitated in contrast with the deflection angle detecting device of the 
twenty-second embodiment. Moreover, the free-formed surfaces are provided in the 
optical paths before and behind the detecting reflection surface, and therefore, as in the 
twentieth embodiment, the detection of the deflection angle with a high degree of accura- 
cy becomes possible. Other functions and effects are about the same as in the twenty- 
second embodiment. 
Twenty-fou rth embodiment 

Fig. 33 shows the deflection angle detecting device in the twenty-fourth embodiment 
of the present invention. The deflection angle detecting device of this embodiment has 
the light source, the cover glass, a prism 30', the detecting reflection surface 4, and the 
photodetector 5. The prism 30' by itself has the functions of the prism 30 and the de- 
centered lens 40 in the twentieth to twenty-third embodiments. 

The prism 30 f is constructed to have four optical working surfaces: a first surface 
30'a, a second surface 30'b, a third surface 30'c, and a fourth surface 30*d. The first sur- 
face 30'a is configured as a curved surface with positive power. Each of the second to 
fourth surfaces 30'b-30'd is configured as a free-formed surface with positive power. In 
the deflection angle detecting device of the twenty-fourth embodiment, no optical work- 
ing surface of the prism 30' is coated with a polarization film. The quarter-wave plate is 
not provided. The structures of the light source 1, the cover glass, the detecting reflec- 
tion surface 4, and the photodetector 5 are about the same as in the twentieth embodi- 
ment. 

In the deflection angle detecting device of the twenty-fourth embodiment construct- 
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ed as mentioned above, laser light emitted from the semiconductor laser 1 which is the 
light source is transmitted through the first surface 30'a with positive power of the prism 
30' through the cover glass and is incident on the second surface 30'b. Subsequently, 
the light is totally reflected by incidence on the second surface 30'b at an angle larger 
than the critical angle, and after emerging from the third surface 30'c, is incident on, and 
is reflected by, the detecting reflection surface 4. The light reflected by the detecting 
reflection surface 4 is transmitted through the fourth surface 30'd of the prism 30', enters 
again the prism 30', and is transmitted through the second surface 30'b to thereby emerge 
from the prism 30'. The light leaving the prism 30' is incident on the photodetector 5 
and forms a light spot. 

According to the deflection angle detecting device of the twenty-fourth embodiment 
constructed as mentioned above, the following advantages are obtained. 

In the deflection angle detecting device of the twenty-fourth embodiment, the first 
surface 30'a of the prism 30* has positive power, and hence the height of a marginal ray 
of light emitted from the light source is lowered and the light beam becomes small. 
Consequently, the F-number is reduced and the production of aberration can be sup- 
pressed. In addition, the free-formed surfaces are provided in the optical paths before 
and behind the detecting reflection surface, and therefore, as in the twentieth embodiment, 
the detection of the deflection angle with a high degree of accuracy becomes possible. 

In the deflection angle detecting device of the twenty-fourth embodiment, the reflec- 
tion angle larger than the critical angle is obtained so that the light incident from the first 
surface 30'a of the prism 30' on the interior is totally reflected by the second surface 30'b 
of the prism 30', and hence a loss of the amount of light is kept to a minimum. Since 
the second surface 30'b need not be coated with the reflection film, cost can be reduced 
accordingly. 

Furthermore, the second surface 30'b is a surface causing the light reflected by the 
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detecting reflection surface 4 and incident on the prism 30' to emerge from the prism 30* 
toward the photodetector 5, so that it functions as a total reflection surface and a trans- 
mission surface by itself. Consequently, the optical working surfaces are effectively 
used and cost can be reduced accordingly. 

In the deflection angle detecting device of the twenty-fourth embodiment, the sec- 
ond surface 30'b and the fourth surface 30'd of the prism 30', each with positive power, 
have the function equivalent to a single positive lens, and the light can be condensed by 
the powers of these surfaces on the light receiving surface of the photodetector 5. 

The detecting reflection surface has the field angle twice the rotation angle of the 
detecting reflection surface as the entrance pupil. Thus, a wide-angle optical system is 
obtained, and if the second surface 30'b and the fourth surface 30'd are configured to be 
spherical, it becomes difficult to correct aberration of the off-axis ray, such as curvature 
of field or distortion. In the twenty-fourth embodiment, since the second surface 30'b 
and the fourth surface 30'd are configured as free-formed surfaces, aberration of the off- 
axis ray, such as curvature of field or distortion, is corrected. 

Also, although in the twentieth to twenty-third embodiments the third surface 30c of 
the prism 30 is configured as the polarization beam splitter surface, it may be a half mir- 
ror surface. In this case, since transmission and reflection occur, once for each, and the 
amount of light is decreased by 50 % on each of the transmission and the reflection, the 
amount of laser light from the light source finally reaching the photodetector 5 is reduced 
to about 1/4. 

The third surface 30c of the prism 30 may be a diffraction optical element or an 
HOE (holographic optical element). 

The PSD or the two- or four-divided PD is considered as the photodetector, and 
when a light spot of preset size is required in accordance with detection sensitivity, the 
photodetector is moved along the optical axis from a focal plane and thereby the size of 



70 



the spot can be adjusted. 

The characteristics of transverse aberration in the twentieth embodiment are shown 
in Figs. 34A and 34B, Figs. 35A and 35B, and Figs. 36A and 36B. 

Subsequently, the construction parameters of the optical system constituting the de^ 
flection angle detecting device in the fifth to twenty-fourth embodiments are shown be- 
low as numerical data. 

In the numerical data, "FFS" represents the free-formed surface. 

The aspherical surface used in each of the embodiments is a rotational symmetrical 
aspherical surface defined by the following equation: 

Z = (y 2 /R)/ [1 + {1 -(1 +K) y 2 /R 2 } ,/2 ] + a y 4 + b y 6 + c y 8 + d y 10 + .... 
where Z is taken as the optical axis (axial chief ray) with positive in a traveling direction 
of light and y is taken as a direction normal to the optical axis. Here, R represents a 
paraxial radius of curvature, k represents a conic constant, and a, b, c, d, ... represent 
fourth, sixth, eighth, and tenth order aspherical coefficients. The Z axis of the above 
equation constitutes the axis of the rotational symmetrical aspherical surface. 

The free-formed surface in each embodiment is expressed by the following equation. 
Also, the Z axis of this equation constitutes the axis of the free-formed surface. 

66 

Z = cr 2 /[l+{l-(l + k)c 2 r 2 } ,/2 ] + £c.X m Y n 

j=2 

Here, the first term of this equation is a spherical surface term, and the second term is a 
free-formed surface term. In the spherical surface term, c denotes the curvature of the 
vertex, k denotes a conic constant, and r = (X 2 +Y 2 ) 1/2 . 

The free-formed surface term can be developed as the following equation. Here, C- 
(j is an integer of 2 or larger) is a coefficient. 

66 

£c i x m Y n 
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+ C 4 X 2 + C 5 X Y + C 6 Y 2 

+ C 7 X 3 + C 8 X 2 Y + C 9 X Y 2 + C,„ Y 3 

+ C„ X 4 + C, 2 X 3 Y + C I3 X 2 Y 2 + C 14 X Y 3 + C 15 Y 4 

+ C 16 X 5 + C l7 X 4 Y + C 18 X 3 Y 2 + C l9 X 2 Y 3 + C 20 X Y 4 + C 21 Y 5 

+ C 22 X 6 + C 23 X 5 Y + C 24 X 4 Y 2 + C 25 X 3 Y 3 + C 26 X 2 Y 4 + C 27 X Y 5 + C 28 Y 6 

+ C 29 X 7 + C 30 X 6 Y + C, X 5 Y 2 + C 32 X 4 Y 3 + C 33 X 3 Y 4 + C 34 X 2 Y 5 + C 35 X Y 6 

+ C 36 Y 7 + 

The term relative to the aspherical surface in which data are not described is zero. 
The refractive index is relative to the d line (wavelength 587.56 nm). Lengths are ex- 
pressed in millimeters. 

In the numerical data of each embodiment, in view of design convenience, it is as- 
sumed that a distance from the detecting reflection surface to the reflection surface of a 
rotating mirror 15 to be described later is zero and an axis of rotation is provided at the 
position of the optical axis of the detecting reflection surface. 

Also, although actually a preset distance is kept between the detecting reflection sur- 
face and the reflection surface of the rotating mirror 15, the axis of rotation is provided 
on the detecting reflection surface and thereby the position of the reflection surface of the 
rotating mirror 15 is shifted by rotation. However, this can be compensated by electri- 
cally controlling the rotation angle, and thus even though the distance from the detecting 
reflection surface to the reflection surface of a rotating mirror 15 is assumed to be zero, 
the substance of the present invention is not affected. 
Numerical data 5 (the fifth embodiment) 

Face No. Radius of curvature Face-to^ace spacing Decentration Refractive index Abbe's number 
Object surface 00 0.00 
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1 

2 
3 
4 
5 



00 

oo 

Stop surface 
FFS [1] 

00 



Deceleration (1) 
Decentration (2) 



Image plane oo 



C4 = -1.4053XKT 1 
C10= 8.1799X10 :i 
C17= 1.2394X10" 2 

Decentration [1] 



0.78 
0.50 
2.00 
0.00 
0.00 
0.00 
FFS [1] 

C6 = -1.2731 X 10" 1 
Cll = -1.9926X10" 2 
C19 = 4.4694X10" 2 



1.4900 



0.0 



C8 = 
C13 = 



1.0720X10" 1 
-1.3125 X 10" 1 



X= 0.00 

a = -38.00 

X= 0.00 

a = -54.30 



Y= -0.85 Z- 0.00 

j3= 0.00 r= 0.00 
Decentration [2] 

Y= 3.63 Z= -2.50 

& = o.oo r= o.oo 



Numerical data 6 (the sixth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



Object surface oo 



1 

2 
3 
4 
5 
6 
7 



00 



OO 



Stop surface 
oo 
-1.50 
FFS [1] 

oo 



0.00 
0.78 
0.50 
0.70 
1.00 
1.70 
0.00 
0.00 



1.4900 



1.5163 



0.0 



64.1 



Decentration (1) 
Decentration (2) 
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Image plane oo 



10 



C4 = -4.9222X10 2 
C10= 5.5531X10" 3 

Decentration [1] 



0.00 
FFS [1] 

C6 = -6.0935X10 2 
C17 = 1.5705X10 3 



C8 = -1.6679X10 



C19= 6.4083X10" 



X= 0.00 

a = -35.00 

X = 0.00 

a = -63.74 



Y= -0.70 Z= 0.00 

0= 0.00 7= 0.00 
Decentration [2] 

Y= 3.66 Z= -1.69 

j8= 0.00 r= 0.00 



Numerical data 7 (the seventh embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 





Object surface oo 


0.00 








1 


00 


0.78 






15 


2 


OO 


0.25 




1.4900 0.0 




3 


Stop surface 


1.70 








4 




0.00 


Decentration (1) 






5 


FFS [1] 


0.00 


Decentration (2) 


1.5254 56.2 




6 


00 


0.00 


Decentration (3) 




20 


7 


oo 


0.00 


Decentration (4) 






Image plane oo 


0.00 












FFS [1] 








C4 - 


^.0913X10"' 


C6 = -2 


.4492 X 10" 1 C8 


= -3.6243X10 2 




C10= 


5.0081X10" 2 








25 




Decentration [1] 








x= 


0.00 Y= 


0.00 Z 


0.00 
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a = -37.00 



a : 

X- 
a : 

X 
a ■■ 



0.00 
-78.98 

0.00 
-69.56 

0.00 
-82.00 



j8= 0.00 r= 0.00 
Decentration [2] 

Y= 1,50 Z= -0.90 

0= 0.00 7= 0.00 
Decentration [3] 

Y= 2.08 Z= -0.60 

/? = o.oo 7 = o.oo 

Decentration [4] 

Y= 3.00 Z= -0.89 

j3= 0.00 7= 0.00 



Numerical data 8 (the eighth embodiment) ' 

Face No. Radius of curvature Face-to4ace spacing Decentration Refractive index Abbe's number 



Object surface oo 


0.00 






1 


oo 


0.78 






2 


oo 


0.25 




1.4900 0.0 


3 


Stop surface 


2.20 






4 


oo 


0.00 






5 


-5.00 


0.00 


Decentration (1) 




6 


oo 


0.00 


Decentration (2) 


1.5254 56.2 


7 


FFS [1] 


0.00 


Decentration (3) 


1.5254 56.2 


8 


oo 


0.00 


Decentration (4) 




9 


oo 


0.00 


Decentration (5) 




Image 


plane oo 


0.00 










FFS [1] 






C4 = 


8.3714X10^ 2 


C6 - 


1.2429X10 2 C8 


= 3.3985X10" 


C10= 


-4.8240X10" 3 
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10 



15 



Decentration [1] 

X- 0.00 Y= 0.00 Z= 0.00 

a = -25.00 J3 = 0.00 7 = 0.00 

Decentration [2] 

X= 0.00 Y= 0.50 Z= 0.00 

a = 90.00 /3 = 0.00 7 = 0.00 

Decentration [3] 

X= 0.00 Y~ 3.51 Z= 0.64 

a = -42.41 /3 = 0.00 r= 0.00 

Decentration [4] 

X= 0.00 Y 1.78 Z= 0.19 

a= 0.00 /3= 0.00 r= 0.00 

Decentration [5] 

X= 0.00 Y^ 1.28 Z= 1.20 

a = 0.00 /3- 0.00 r= 0.00 
Numerical data 9 (the ninth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 





Object surface qo 


0.00 










1 


QO 


0.78 








20 


2 
3 
4 


OO 

Stop surface 

oo 


0.25 
0.60 




1.4900 


0.0 




5 


oo 


0.00 


Decentration (1) 


1.5254 


56.2 




6 


FFS [1] 


0.00 


Decentration (2) 






25 


7 


-2.70 


0.00 


Decentration (3) 








8 


FFS [1] 


0.00 


Decentration (2) 


1.5254 


56.2 
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9 oo 0.00 Deceleration (4) 1.5254 56.2 

10 oo 0.00 Decentration (5) 

11 oo 0.00 Decentration (6) 
Image plane oo 0.00 

5 FFS [1] 

C4 = -1.5336X10~ 1 C6 = -6.4800X10" 2 C8 = 3.0387X10" ' 

Decentration [1] 
X= 0.00 Y= 0.35 Z= 0.03 
a= 15.99 (3= 0.00 r= 0.00 
10 Decentration [2] 

X= 0.00 Y= -0.55 Z = 0.34 
a= -20.49 j8= 0.00 r= 0.00 

Decentration [3] 
X = 0.00 Y= 0.14 7= 0.73 
15 a- -7.00 /3 = 0.00 r~ 0.00 

Decentration [4] 
X= 0.00 Y= 0.35 Z= 0.03 
a= 15.99 /3= 0.00 r= 0.00 
Decentration [5] 
20 X= 0.00 Y= 1.84 Z= 0.24 

a = 77.04 /3 ~ 0.00 J- 0.00 

Decentration [6] 
X= 0.00 Y= 2.20 Z= 0.30 
a = 57.15 /3 = 0.00 r = 0.00 
25 Numerical data 10 tthe tenth embodiment) 
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Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



Object surface qo 


0.50 








1 


00 








o4.1 


2 


00 


0.00 








3 


Aspherical surface[l] 


0.00 


Decentration (1) 


1.5254 


56.2 


4 


00 


0.00 


Decentration (2) 






5 


00 


0.00 


Decentration (3) 






6 


FFS [1] 


0.00 


Decentration (4) 


1.5254 


56.2 


7 


Stop surface 


0.00 


Decentration (5) 


1.5254 


56.2 


8 


FFS [3] 


0.00 


Decentration (6) 






9 


00 


0.00 








Image plane qo 


0.00 


Decentration (7) 







Aspherical surface [1] 



Radius of curvature 2.99 
k= 0.0000X +0 



a — ■ 


-7.3030X10" 2 




b= 2.3234X10" 4 
FFS [1] 










C4 = 


2.7107X10" 


i 


C6 = 2.2483 X 10" 


-2 


C8 = 


-7.2425X10" 


- 2 


C10= 


-2.2648X10" 


3 


Cll= 3.2639X10" 


2 


C13= 


^1.7651X10" 


2 


C15 = 


-2.1679X10" 


2 


FFS [2] 










C4 = 


-5.7305X10" 


3 


C6 = -6.7871X10" 


2 


C8 - 


-1.0777X10" 


3 


C10= 


-6.3674X10" 


3 


Cll= 2.9412X10" 


2 


C13= 


-1.2389X10" 


2 


C15 = 


-3.1262X10" 


3 


C17= -6.3991X10" 


3 


C19 = 


^.7665X10" 


3 


C21 = 


-3.0414X10" 


4 













FFS [3] 



78 



C4 = 2.8557X10 1 C6 = -2.1758X10" 1 C8 = -7.1859X10" 

C10= -2.3344X10 1 Cll= 5.3672X10 2 C13= -3.6677 X10~ 

C15= -1.2160X10"' C17- -1.5784X10" 2 C19= -1.1364X10 

Decentration [1] 

X= 0.00 Y= 0.00 Z= 0.70 

a = 0.00 (3 = 0.00 r= 0.00 

Decentration [2] 

X= 0.00 Y= 0.00 Z= 1.50 

a = 0.00 j8 = 0.00 r = 0.00 

Decentration [3] 

X= 0.00 Y= 0.00 Z= 5.01 

a = 0.00 j3 = 0.00 r = 0.00 

Decentration [4] 

X= 0.00 Y= 0.32 Z= -1.98 

a= 0.15 /3= 0.00 r= 0.00 

Decentration [5] 

X= 0.00 Y= 0.00 7= 0.00 

a = ^13.00 /3= 0.00 r = 0.00 

Decentration [6] 

X= 0.00 Y= 1.27 Z= -0.02 

a = -91.26 /3 = 0.00 r= 0.00 

Decentration [7] 

X= 0.00 Y= 3.00 Z= 4.58 

a= -83.00 j3= 0.00 r= 0.00 
N um e ri c al d ata 1 1 (the eleventh embodiment) 
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Face No. Radius of curvature Face-to^ace spacing Decentration Refractive index Abbe's number 



10 



15 



20 



25 



Object surface oo 


U.jU 








1 


00 


0.25 




l.MoJ 


o4.1 


2 


oo 


0.00 








3 


Aspherical surface [1] 


0.00 


Decentration (1) 


1.5254 


56.2 


4 


oo 


0.00 


Decentration (2) 


1 .5254 


56.2 


5 


oo 


0.00 


Decentration (3) 


1.5254 


56.2 


6 


oo 


0.00 


Decentration (2) 






7 


Stop surface 


0.00 


Decentration (4) 






8 


oo 


0.00 


Decentration (2) 


1.5254 


56.2 


9 


3.96 


0.00 


Decentration (5) 






10 


00 


0.00 


Decentration (6) 






Image plane qo 


0.00 









Aspherical surface [1] 



Radius of curvature 2.92 
k= 0.0000 X10 +0 
a= -1.1738X10" 2 

Decentration [1] 
X= 0.00 Y= -0.19 
a= -0.40 0 = 0.00 

Decentration [2] 
X= 0.00 Y= 1.22 
a = -46.89 0 = 0.00 

Decentration [3] 
X= 0.00 Y= 1.21 
a = 111.90 /3~ 0.00 



Z= 

r = 

z= 
r = 

z= 

r = 



1.28 
0.00 

4.48 
0.00 

2.76 
0.00 



80 



10 



15 



20 



Decentration [4] 

X= 0.00 Y= -0.85 Z= 4.69 

a= -46.89 ]3 = 0.00 r = 0.00 

Decentration [5] 

X= 0.00 Y= 1.78 Z= 2.18 

a = -46.89 jS- 0.00 r= 0.00 

Decentration [6] 

X= 0.00 Y= 3.44 Z~ 0.65 

a= -46.89 /3 = 0.00 r= 0.00 
Numericat data 1 2 fthe twelfth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



25 



Object surface 


oo 


0.00 






1 




QO 


0.78 






2 




oo 


0.25 




1.4900 


3 


Stop surface 


0.80 






4 




00 


0.00 






5 




oo 


0.00 


Decentration (1) 


1.5163 


6 




oo 


0.00 


Decentration (2) 




7 




-3.24 


0.00 


Decentration (3) 




8 




OO 


0.00 


Decentration (2) 




9 




oo 


0.00 


Decentration (4) 




Image plane 


OO 


0.00 










Decentration [1] 






X = 


0.00 


Y = 


0.00 z= 


0.10 




a = 


45.00 


0 = 


o.oo r = 


0.00 





0.0 



64.1 



Decentration [2] 
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10 



15 



20 



25 



X= 0.00 Y= 0.00 Z- 0.25 

a- 45.00 0 = 0.00 r - 0.00 

Decentration [3] 

X= 0.00 Y= 0.00 Z= 1.30 

a = 0.00 j3 = 0.00 r = 0.00 

Decentration [4] 

X= 0.00 Y= 1.50 Z= 0.25 

a = -90.00 j8= 0.00 0.00 
Numerical data 13 (the thirteenth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



Object surface qo 


0.00 








1 


00 


0.78 








2 


oo 


0.25 




1.4900 


0.0 


3 


Stop surface 


0.50 








4 


00 


0.00 








5 


2.50 


0.40 




1.5163 


64.1 


6 


-2.50 


1.50 








7 


OO 


0.00 


Decentration (1) 






8 


OO 


0.00 


Decentration (2) 






9 


oo 


0.00 


Decentration (3) 


1.5163 


64.1 


10 


-8.99 


0.00 


Decentration (4) 


1.5163 


64.1 


11 


oo 


0.00 


Decentration (3) 






12 


oo 


0.00 








13 


oo 


0.00 


Decentration (5) 


1.5163 


64.1 


14 


00 


0.00 


Decentration (6) 






15 


oo ■ 


0.00 


Decentration (7) 
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Image plane oo 0.00 







uecenirauon [ij 








n nn 
U.UU 


v — n nn 

I — U.UU 


Z— 


n nn 
U.UU 


ex — 


nn 

43. UU 


R — n nn 
p — U.UU 


j — 


n nn 
U.UU 






Decentration [2] 
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Decentration [3] 






V — 


n nn 
U.UU 


Y — U.UU 


rj 

z — 


HJ.jU 


(X ~ 
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U.UU 


p —■ U.UU 


7 — 


a nn 
U.UU 






Decentration [4] 






V — 


n nn 
U.UU 


v — n nn 
Y — U.UU 


z — 


n nn 
U.UU 


OL = 


n nn 
U.UU 


p — U.UU 


7 — 


n nn 
U.UU 






j^eceniidiiun [ d\ 






A — 


n nn 
U.UU 


— n nn 
Y — U.UU 


z — 


I.jU 


rv 


a ^ nn 


n r\ aa 

p — U.UU 


7 — 


n nn 
U.UU 






Decentration [6] 






x= 


0.00 


Y= 0.20 


Z= 


1.50 


a = 


45.00 


j8 - 0.00 


7 = 


0.00 






Decentration [7] 






X= 


0.00 


Y= 1.75 


Z= 


1.50 


a = 


90.00 


j3 = 0.00 


7 = 


0.00 


Numer 


ical data 14 fthe fourteenth embodiment) 



Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 
25 Object surface oo 0.00 

1 oo 0.78 



1 
- 




oo 


n 




i a onn 
1 .4yUU 


n n 
U.U 


1 

J 


Stop surface 


n ac\ 

U.4U 








A 

4 




oo 


n nn 
u.uu 








c 

J 




00 


n nn 
U.UU 




l.jloJ 


64.1 


O 




00 


n nn 
U.UU 


Decentration ( 1 ) 


1 C 1 iC3 

l.Mo3 


£L A 1 

64.1 


7 




OO 


n nn 
u.uu 


ljeceniraiion \L) 






8 




-3.15 


0.00 


Decentration (3) 






9 




co 


0.00 


Decentration (2) 


1.5163 


HA 1 

64.1 


10 




oo ■ 


0.00 


Decentration (4) 






11 




CO 


0.00 


Decentration (5) 






Image plane 


oo 


0.00 












Decentration [1] 








X = 


0.00 


Y = 


0.00 z= 


1.1U 






a = 


45.00 


0 = 


o.oo r = 


f\ f\f\ 

U.UU 










Decentration [2] 








X = 


0.00 




-1.10 z= 


1 in 
1.1U 






a — 


-90.00 




0.00 7 


f\ f\C\ 

U.UU 










Decentration [3] 








X= 


0.00 


Y = 


-1.50 Z= 


i 1 n 
1.1U 






a = 


-78.00 


3 = 


o.oo r = 


n nn 
U.UU 










Decentration [4] 








X = 


0.00 


Y= 


1.25 Z= 


1.10 






a = 


-90.00 


fi = 


o.oo r = 


0.00 










Decentration [5] 








X = 


0.00 


Y= 


1.50 Z= 


1.10 






a = 


-90.00 




o.oo r = 


0.00 







In the above embodiments, the detecting reflection surface 4 may be configured with 
respect to either the front surface mirror or the back surface mirror. When the detecting 
reflection surface 4 is configured to have positive power, it may be configured to have 
either rotational symmetrical power or irrotational symmetrical power. 

When each of the optical elements 9 and 10 is constructed to have positive power, it 
may be constructed to have either a rotational symmetrical surface or an irrotational 
symmetrical surface. Alternatively, each of the optical elements 9 and 10 may be con- 
structed to have a Fresnel lens surface or an aspherical surface. 

The stop surface described in the numerical data is a virtual stop surface, and a stop 
does not actually exist there. A flare stop for eliminating detrimental light can be 
placed in the face-to-face spacing as occasion demands. 
Numerical data 15 (the fifteenth embodiment) 

Face No. Radius of curvature Face-to^ace spacing Decentration Refractive index Abbe's number 



Object surface oo 0.50 








1 


oo 0.50 




1.5163 


64.1 


2 


oo 0.50 








3 


5.10 1.00 




1.5163 


64.1 


4 


-5.10 0.00 








5 Stop surface (Reflection surface) 0.00 


Decentration (1) 






6 


oo 0.00 


Decentration (2) 


1.5254 


56.2 


7 


FFS [1] 0.00 


Decentration (3) 


1.5254 


56.2 


8 


oo 0.00 


Decentration (2) 


1.5254 


56.2 


9 


oo 0.00 


Decentration (4) 






10 


oo 0.00 


Decentration (5) 






Image plane 


oo 0.00 
FFS [1] 
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x= 



0.00 



a = -45.00 



C4 = 1.3945X10 2 G6 = -3.5030X10 3 
C10= -2.3003 X10" 4 

Decentration [1] 
Y= 0.00 
& = 0.00 
Decentration [2] 
Y= 2.00 
3 = 0.00 
Decentration [3] 
Y= 3.10 
/3 - 0.00 
Decentration [4] 
Y= 3.00 
)3 = 0.00 
Decentration [5] 
Y= 3.03 
j3 = 0.00 



C8 - -2.7660X10 



-3 



x= 

a = 



0.00 
90.00 

0.00 



a — -118.00 



x= 



0.00 



a = ^0.00 



r = 

z= 

r 

z 

T = 
Z= 

r = 



2.00 
0.00 

0.00 
0.00 

2.00 
0.00 

-0.90 
0.00 



x= 



0.00 



a = ^12.00 



7 = 

r = 



-1.36 
0.00 



Numerical data 16 (the sixteenth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 
Object surface oo 0.50 

1.5163 



1 

2 
3 
4 



oo 
oo 

2.50 
-2.50 



0.50 
0.50 
1.00 
0.00 



5 Stop surface (Reflection surface) 0.00 

6 oo 0.00 



1.5163 

Decentration (1) 
Decentration (2) 1.5254 



64.1 



64.1 



56.2 
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7 


FFS [1] 


n no 


LJCLsCIlll allUIl 


1 S9S4 Sfi 9 


8 




00 


n nn 
u.uu 


ueceniration \L) 


l.Z)Z3^+ DO.Z 


9 


FFS [2] 


0.00 


Decentration (4) 


1 ^O^/l O 

DO.Z 


10 




00 


0.00 


Decentration (5) 




11 




00 


0.00 


Decentration (6) 




Image plane 


00 


0.00 












FFS [1] 






C4 = 


3.1086X10" 2 


C6 = 3.3754X10" 2 


/-io — ^7 oo/in v i n 3 

C8 — -7.oo4yxi0 


C10= 


-5.0685X10 5 


Cll= -2.5623X10 4 


riio — i aaoo v m~3 

— -l.UUooXlU 


C15= 


2.1727X10" 5 


C17= -8.7558 X10" 6 










FFS [2] 






C4 = 


-3.9879 X10" 3 


C6 = 1.3224X10" 2 


Co — l.UUJzXHJ 


C10= 


-1.8119X10" 3 












Decentration [1] 






X = 


0.00 


Y = 


0.00 Z 


1.50 




a — 


-57.00 


3 = 


o.oo r = 


0.00 








Decentration [2] 






X = 


0.00 


Y= 


1.40 Z~ 


1.00 




a = 


90.00 


/3 = 


o.oo r — 


0.00 








Decentration [3] 






X = 


0.00 


Y= 


1.85 Z= 


4.67 




a = ■ 


-128.50 


/3 = 


o.oo r = 


0.00 








Decentration [4] 






X = 


0.00 


Y= 


4.14 Z= 


-0.86 




a = 


-95.97 


3 = 


o.oo r = 


0.00 





Decentration [5] 



X = 0.00 

a= -135.00 

X = 0.00 

a = 45.00 



Y= 4.34 Z= -4.78 

/3= o.oo r = o.oo 

Decentration [6] 

Y= 2.73 Z= -3.68 

j3 = 0.00 r= 0.00 



Numerical data 17 (the seventeenth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



Object surface oo 


0.50 








1 00 


0.50 




1.5163 


64.1 


2 oo 


0.50 








3 5.00 


1.00 




1.5163 


64.1 


4 -5.00 


0.00 








5 Stop surface (Reflection surface) 0.00 


Decentration (1) 






6 op 


0.00 


Decentration (2) 


1.5254 


56.2 


7 FFS [1] 


0.00 


Decentration (3) 


1.5254 


56.2 


8 00 


0.00 


Decentration (4) 






9 oo 


o.oo 


Decentration (5) 






Image plane op 


0.00 
FFS [1] 








C4 = 1.2977X10 -1 


C6 = 7.6378X10" 2 C8 


= -9.0586 X10 -3 


C10= -1.3524X10" 3 


Cll= 5.5531X10 -3 






Decentration [1] 








X= 0.00 Y= 


0.00 Z= 


1.30 






a= -41.00 j3 = 


o.oo r = 


0.00 






Decentration [2] 








X= 0.00 Y = 


1.20 Z= 


1.10 
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a = 90.00 



10 



15 



20 



25 



a •■ 

X- 
a : 

x- 

a : 



0.00 
-133.00 

0.00 
0.00 

0.00 
4.75 



$ - 0.00 
Deceleration [3] 
Y= 2.70 
(3 = 0.00 
Decentration [4] 
Y= 2.70 
(3 - 0.00 
Decentration [5] 
Y= 2.44 
(3 = 0.00 



r - 

z= 

r = 

z= 

r = 



r 



0.00 

1.30 
0.00 

-0.10 
0.00 

-0.60 
0.00 



Numerical data 1 8 (the eighteenth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



Object surface go 



1 

2 
3 
4 
5 
6 
7 
8 
9 
10 

Image plane 



qo 



CO 



Stop surface 
FFS [1] 
FFS [2] 



0.00 
0.78 
0.50 
0.80 
0.00 
0.00 



oo (Reflection surface) 0.00 



FFS [2] 
FFS [1] 



Decentration (1) 
Decentration (2) 
Decentration (3) 
Decentration (2) 
Decentration (1) 



1.4900 



1.5254 



0.0 



56.2 



oo 



oo 



oo 



C4 = 3.9974X10"' 



0.00 
0.00 
0.00 
0.00 
0.00 
FFS [1] 
C6 = 3.6720X10"' 



1.5254 



56.2 



Decentration (4) 
Decentration (5) 



C8 = -7.4166X10" 



89 



C10= -4.4393X10 2 Cll = 2.8695X10" 5 C13= 9.3611 X 10 6 

FFS [2] 

C4 = -3.8411 X10" 2 C6 = -5.6789X 10 2 C8 = -5.8595X10 2 
C10= -4.8126X10 6 Cll= -1.0367X10" 6 C13= -4.3943X10 7 

Decentration [1] 

X= 0.00 Y= 0.00 Z= 0.10 

a= -14.89 /3= 0.00 r = 0.00 

Decentration [2] 

X= 0.00 Y= 0.00 Z= 0.68 

a = -36.24 /3= 0.00 r= 0.00 

Decentration [3] 

X = 0.00 Y= 0.00 Z= 1.10 

a= -27.00 (3= 0.00 r = 0.00 

Decentration [4] 

X= 0.00 Y= 2.50 Z= 0.60 

a = -55.00 /3 = 0.00 r = 0.00 

Decentration [5] 

X= 0.00 Y= 0.00 z- 0.00 

a= 0.00 j3 = 0.00 r= 0.00 
Numerical data 19 (the nineteenth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 
Object surface qo 0.00 

1 oo 0.78 

2 qo 0.50 1.4900 0.0 

3 Stop surface 0.50 

4 oo 0.00 



90 



10 



15 



20 



25 



5 

6 

7 

8 

9 
10 
11 

Image plane 



FFS [1] 0.00 
FFS [2] 0.00 
oo (Reflection surface) 0.00 



FFS [2] 
FFS [1] 
FFS [3] 



oo 



00 



C4 = 5.7992X10 2 

C10= -1.6131 XHT 2 

C4 = -1.7419X10~' 

C10= -1.7542X10 -2 



0.00 
0.00 
0.00 
0.00 
0.00 
FFS [1] 

C6 = 

Cll = 



Decentration ( 1 ) 1 .5254 
Decentration (2) 
Decentration (3) 
Decentration (2) 1 .5254 
Decentration (1) 1.5254 
Decentration (4) 
Decentration (5) 



56.2 



56.2 
56.2 



7.5186X10" 2 
-2.3849X10 2 



C8 = 3.8883 X10~ 3 
C13= -1.0484X10 -2 



FFS [2] 



C4 = -4.4133 X 10" 1 

Decentration [1] 
X= 0.00 Y= 0.19 
a = -3.14 3= 0.00 

Decentration [2] 
X= 0.00 Y= -0.18 
a= -42.33 (3= 0.00 

Decentration [3] 
X= 0.00 Y= 0.32 
a= -13.00 13 = 0.00 

Decentration [4] 



C6 - -1.4553X10" 1 C8 = -6.1974X10 

FFS [3] 

C6 = -2.6473 X 10" ' 



~3 



z- 

r = 

z = 
r = 

z= 



-0.03 
0.00 

0.63 
0.00 

1.07 
0.00 
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X= 0.00 Y= 1.58 Z= 0.72 

a= 35.18 3= o.oo r = o.oo 

Decentration [5] 

X= 0.00 Y= 1.90 Z= 1.34 

a= 20.64 /3= 0.00 r= 0.00 
Values of conditions 





15th embodiment 


16th embodiment 


17th embodiment 


1 8th embodiment 


1 9th embodiment 


e 


45.0° 


57.0° 


47.0° . 


42.6° 


43.4° 


a 


56.0° 


26.9° 


84.3° 




78.1° • 


a2 




94.2° 









Again, 0 is an angle of incidence of a ray traveling along the optical axis of light 
emitted from the light source on the detecting reflection surface 4 in each embodiment, a 
is an angle made by an axial chief ray incident on the reflection surface 20b with the axi- 
al chief ray reflected by the reflection surface 20b in each of the fifteenth to seventeenth 
embodiments, or an angle made by an axial chief ray incident on the reflection surface 
20"a with the axial chief ray reflected by the reflection surface 20"a in the nineteenth 
embodiment, and ot2 is an angle made by an axial chief ray incident on the reflection 
surface 20d with the axial chief ray reflected by the reflection surface 20d in the six- 
teenth embodiment. 

Numerical data 20 (the twentieth embodiment) 

Face No. Radius of curvature Face-to^ace spacing Decentration Refractive index Abbe's number 



Object surface oo 0.50 

1 oo 0.25 

2 oo 0.00 

3 11.62 0.00 

4 Aspherical surface [1] 0.00 



1.5168 64.1 

Decentration (1) 1.5254 56.2 
Decentration (2) 1.5254 56.2 



92 



c 

J 




u.uu 


uecentrauon 


6 


Aspherical surface [1] 


0.00 


Decentration (2) 


7 


Stop surface (Reflection surface) 


0.00 


Decentration (4) 


8 


Aspherical surface [1] 


0.00 


Decentration (2) 


9 


FFS [1] 


0.00 


Decentration (3) 


10 


FFS [2] 


0.00 


Decentration (5) 


Image plane <x> 


0.00 


Decentration (6) 



1.5254 



56.2 



1.5254 
1.5254 



56.2 
56.2 



Radius of curvature 



k = 
a = 

C4 = 
C10= 
C15= 



0.0000 X10 +0 
6.3173X10' 4 

5.0295X10" 2 
6.7908X10" 4 
1.7316X10" 4 



Aspherical surface [1] 
377.28 

b= -2.4131X10 4 
FFS [1] 
C6 = 4.5197X10" 2 
Cll= -9.8771X10" 4 
C17= 4.5763 X10" 4 



C= 1.7824X10" 5 

C8 = 3.6238X10 
C13= -5.0283X10" 
C19= -9.5861X10" 



C21 = -9.4717X10" 



FFS [2] 



C6 = 
Cll = 
CI 7 = 



C4 = 1.0756X10" 1 
C10= 3.1471X10" 2 
C15= -9.8595X10" 3 
C21= 2.1383X10" 3 

Decentration [1] 
X= 0.00 Y= 1.30 
a= -9.84 )3= 0.00 

Decentration [2] 
X= 0.00 Y= -1.02 



9.5824X10" 2 
6.7628X10" 4 
-2.1950X10" 3 



C8 = 4.2605X10" 
C13= 8.5706X10" 
C19 = -4.1385X10" 



7= 

r = 
z= 



1.35 
0.00 

4.04 
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a = 45.52 



10 



15 



20 



x= 

a : 

X- 
a 

X- 
a z 

X- 

a z 



0.00 
78.49 

0-00 
46.19 

0.00 
71.86 

0.00 
44.12 



j8 - 0.00 7 = 0.00 
Decentration [3] 

Y= -2.54 Z= 4.89 

0= 0.00 7= 0.00 
Decentration [4] 

Y= 1.06 Z= 6.07 

(3= 0.00 7 = 0.00 
Decentration [5] 

Y= -3.90 Z= 3.27 

0= 0.00 7 = 0.00 
Decentration [6] 

Y= -4.97 Z= 0.22 

j8= 0.00 7= 0.00 



Numerical data 21 (the twenty-first embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 



oo 



00 



25 



Object surface oo 
1 
2 

3 11.59 

4 Aspherical surface [1] 

5 FFS [1] 

6 Aspherical surface [1] 

7 Stop surface (Reflection surface) 

8 Aspherical surface [1] 

9 FFS[1] 

10 Fresnel surface [1] 



0.50 
0.25 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 





1.5168 


64.1 


Decentration (1) 


1.5254 


56.2 


Decentration (2) 


1.5254 


56.2 


Decentration (3) 


1.5254 


56.2 


Decentration (2) 






Decentration (4) 






Decentration (2) 


1.5254 


56.2 


Decentration (3) 


1.5254 


56.2 


Decentration (5) 
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Image plane oo 0.00 Deceleration (6) 

A spherical surface [1] 
Radius of curvature 226.01 
k= 0.0000 X 10' 0 

a= 1.2511X10" 3 b= -1.5777X10" 4 C= 8.8146X10^ 

Fresnel surface [1] 
Radius of curvature 4.41 



k= 0.0000 X10 +0 
a~ -4.8870X10" 4 b~ -1.0595X10 5 

FFS [1] 



C4 - 


5.1711X10" 2 


C6 = 


4.5394X10" 2 


C8 = 


C10= 


8.9516X10 4 


Cll = 


6.8695X10" 5 


C13 = 


C15 = 


2.7112X10" 4 


C17= 


3.1459X10" 5 


C19= 


C21 = 


^1.0753X10" 5 










Decentration [1] 






X = 


0.00 Y= 


1.82 


Z= 1.84 





a= -15.84 £ = 0.00 r= 0.00 

Decentration [2] 

X= 0.00 Y~ -1.16 Z= 4.03 

a= 45.35 /3 = 0.00 7 = 0.00 

Decentration [3] 

X= 0.00 Y= -2.78 Z= 4.81 

a= 78.81 )3 = 0.00 7 = 0.00 

Decentration [4] 

X= 0.00 Y= 0.64 Z= 5.81 

a = 45.63 /3 = 0.00 r= 0.00 



2.5512X10 
-2.0004 X10 4 
1.2906X10 



95 



Deceleration [5] 

X = 0.00 Y= -3.51 Z= 2.78 

a= 51.70 (3 = 0.00 7 = 0.00 

Decentration [6] 

5 X= 0.00 Y= -5.09 Z= 0.34 

a = 47.61 13 = 0.00 r= 0.00 
Numerical data 22 ("the twenty-second embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 
Object surface oo 0.50 



10 


1 


QO 


0.25 




1.5163 


64.1 




2 


00 


0.00 










3 


Fresnel surface [1] 


0.00 


Decentration (1) 


1.5254 


56.2 




4 


oo 


0.00 


Decentration (2) 


1.5254 


56.2 




5 


oo 


0.00 


Decentration (3) 


1.5254 


56.2 


15 


6 


oo 


0.00 


Decentration (2) 








7 


Stop surface (Reflection surface)~8 . 1 4 


0.00 


Decentration (4) 








8 


oo 


0.00 


Decentration (2) 


1.5254 


56.2 




9 


op 


0.00 


Decentration (3) 


1.5254 


56.2 




10 


3.83 


0.00 


Decentration (5) 






20 


Image surface co 


0.00 


Decentration (6) 







Fresnel surface [1] 
Radius of curvature 2.61 
k= 0.0000 X10 +0 
a= -1.5294X10" 2 



25 Decentration [1] 

X= 0.00 Y= -0.26 Z= 1.17 



10 



15 



a = -4.33 (3 = 0.00 7 = 0.00 

Decentration [2] 

X= 0.00 Y= 1.42 Z= 4.31 

a= -46.84 0= 0.00 7 = 0.00 

Decentration [3] 

X = 0.00 Y= 1.52 Z- 2.69 

a = 111.46 (3 = 0.00 7 = 0.00 

Decentration [4] 

X= 0.00 Y= -0.74 Z= 4.80 

a= -46.84 0 = 0.00 7 = 0.00 

Decentration [5] 

X= 0.00 Y= 1.85 Z= 2.05 

^6.84 j3= 0.00 r= 0.00 

Decentration [6] 

X= 0.00 Y= 4.21 Z= 0.00 

ct= -46.84 j3= 0.00 r= 0.00 
Numerical data 23 (the twenty-third embodiment) 

Face No. Radius of curvature Face-to4ace spacing Decentration Refractive index Abbe's number 





Object surface oo 


0.50 








20 


1 


do 


0.25 




1.5163 


64.1 




2 


oo 


0.00 










3 


Fresnel surface [1] 


0.00 


Decentration (1) 


1.5254 


56.2 




4 


OO 


0.00 


Decentration (2) 


1.5254 


56.2 




5 


oo 


0.00 


Decentration (3) 


1.5254 


56.2 


25 


6 


oo 


0.00 


Decentration (2) 







7 Fresnel surface|2] Slop surface (Reflection surface) 0.00 Decentration (4) 



97 



8 oo 0.00 Decentration (2) 1.5254 56.2 

9 oo 0.00 Decentration (3) 1.5254 56.2 
10 FFS [1] 0.00 Decentration (5) 

Image plane oo 0.00 Decentration (6) 

Fresnel surface [1] 
Radius of curvature 3.06 
k~ 0.0000X10+ 0 
a= -7.5207X10 3 

Fresnel surface [2] 
Radius of curvature -6.21 
k= 0.0000 X10 +0 

FFS[1] 

C4 = 2.2528 X 10" 1 C6 = 2.2096 X 10" 1 C8 = 1.2345X10" 
C10= 4.2661X10" 3 Cll= -2.1667X10" 2 C13= -1.1707X10" 
C15= -1.7401X10" 2 

Decentration [1] 
X= 0.00 Y= -0.36 Z= 1.22 
a = -2.73 (3 = 0.00 r= 0.00 

Decentration [2] 
X= 0.00 Y= 1.42 Z= 4.27 
a- ^16.80 /3= 0.00 r= 0.00 

Decentration [3] 
X= 0.00 Y= 1.54 Z= 2.67 
a= 111.11 /3= 0.00 r= 0.00 

Decentration [4] 
X= 0.00 Y- -0.77 Z~ 4.78 
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(3 = o.oo r = o.oo 

Decentration [5] 

Y= 2.06 Z= 2.24 

3= o.oo r= o.oo 

Decentration [6] 

Y= 3.01 Z= 1.19 

3= 0.00 r = 0.00 
Numerical data 24 (the twenty-fourth embodiment) 

Face No. Radius of curvature Face-to-face spacing Decentration Refractive index Abbe's number 
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Object surface «? 


0.50 








1 


QO 


0.00 


Decentration (1) 


1.5168 64.1 




2 


oo 


0.00 


Decentration (2) 






3 


2.27 


0.00 


Decentration (3) 


1.5254 56.2 




4 


FFS [1] 


0.00 


Decentration (4) 


1.5254 56.2 


15 


5 


FFS [2] 


0.00 


Decentration (5) 






6 Stop surface (Reflection surface) 0.00 


Decentration (6) 






7 


FFS [3] 


0.00 


Decentration (7) 


1.5254 56.2 




8 


FFS [1] 


0.00 


Decentration (4) 






Image pi 


ane qo 


0.00 


Decentration (8) 




20 






FFS [1] 








C4 = 


-7.5769X10" 2 


C6 = -4.3615X10 2 C8 


= -1.9001X10" 2 




C10= 


-1.1509X10 3 


Cll= 2.5916X10" 2 C13 


= -4.6480X10" 3 




C15 = 


-9.2635X10" 4 


C17= -S.7012X10" 3 C13 


= 4.4100X10" 3 




C21 = 


4.6186X10" 4 








25 






FFS [2] 








C4 - 


-3.2743 X 10" 2 


C6 = 


5.2563X10" 2 C8 


= -1.3678X10" 1 



a - ^16.80 

X= 0.00 

a = -46.S0 

x= o.oo 

a = -46.51 
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C10= 2.3934X10" 2 Cll = 1.1807X10 1 C13= -2.2205X10 2 
C15- -1.6704X10" 2 

FFS [3] 

C4 = -2.7 159 X 10" 1 C6 = 1.3942X10' 2 C8 = -1.8572X10" 1 

5 C10= 7.6015X10" 3 Cll= 5.1628X10" 2 C13= -7.0739X10" 2 
C15= -2.9537X10 4 

Deceleration [1] 

X= 0.00 Y= -0.59 Z= -1.14 

a- 10.23 ]3 = 0.00 7 = 0.00 
10 Decentration [2] 

X= 0.00 Y= -0.55 Z= -0.90 

a= 10.23 0 = 0.00 7 = 0.00 

Decentration [3] 

X= 0.00 Y= 0.00 Z= 0.00 

15 a = 0.00 j3 = 0.00 r = 0.00 

Decentration [4] 

X= 0.00 Y= -0.80 Z= 2.34 

a = 47.22 j8= 0.00 7 = 0.00 
Decentration [5] 

20 X- 0.00 Y= -2.54 Z= 1.44 

(X= 102.85 |3= 0.00 7= 0.00 

Decentration [6] 

X= 0.00 Y= -3.75 /= 1.78 

a= 57.41 /3 = 0.00 7= 0.00 
25 Decentration [7] 

X = 0.00 Y= -1.66 Z= 1.77 
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a= 40.58 j3 = 0.00 r= 0.00 

Decentration [8] 
X= 0.00 Y~ -1.44 Z= 6.25 
a= 32.58 j3= 0.00 r- 0.00 

Subsequently, reference is made to an example of a system using the deflection an- 
gle detecting device of the present invention which has been explained with regard to the 
above embodiments. 

Fig. 37 shows an example of an optical signal switch system 106 using the deflec- 
tion angle detecting device of the present invention. 

This system includes an input cable unit 100 which bundles lighMransmitting cables, 
such as optical fiber cables, transmitting laser beams 103 (optical signals) whose intensi- 
ties, pulse widths, and frequencies, for instance, are modulated in accordance with infor- 
mation signals; an output cable unit 105 which bundles light-transmitting cables, such as 
the optical fiber cables, to transmit the laser beams 103; and optical switching devices 

108 for selectively deflecting the laser beams 103, interposed between these units. 

The input cable unit 100 is designed to bundle a plurality of input cables 101 
provided with exit ports 101a from which the laser beams 103 having been transmitted 
emerge toward the exterior at the ends of the light-transmitting cables, for example, 
comprised of optical fiber cables in which spun glass fibers are protectively coated with 
plastic. Collimator units 102 which function so as to collimate the laser beams 103 are 
arranged on the optical axes of the individual exit ports 101a. The input cables 101 are 
such that their exit ports 101a take the same direction of emergence of light, and are 
regularly arrayed with preset spacings. The exit ports 101a are arrayed in a lattice ma- 
trix manner, for example, of 2 * 2 or 64 x 64, in accordance with their number. 

The output cable unit 105 is likewise designed to bundle a plurality of output cables 

109 provided with entrance ports 109a on which the laser beams 103 are incident at the 
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ends of the light-transmitting cables. Imaging units 107 which function so as to image 
the laser beams 103 are arranged on the optical axes of the individual entrance ports 109a. 
The output cables 109 are such that their entrance ports 109a take the same direction of 
incidence of light, and are regularly arrayed with preset spacings. The entrance ports 
109a are arrayed in a lattice matrix manner, for example, of 2 * 2 or 64 * 64, in accor- 
dance with their number. 

Optical switching devices 108 are arranged in the directions of emergence and inci- 
dence of the laser beams 103 in the input cable unit 100 and the output cable unit 105. 
Each of the optical switching devices 108 includes rotating mirrors 15 (light-deflecting 
elements) which can be independently inclined one- or two-dimensionally, deflection 
angle detecting devices 60 of the present invention detecting inclination angles from their 
compromise positions, and deflection angle control means 61' controlling the deflection 
angles of the rotating mirrors 15 in accordance with outputs from the deflection angle 
detecting devices 60. 

The optical switching devices 108 are arranged so that the rotating mirrors 15 ac- 
commodate the exit ports 101a and the entrance ports 109a, and are also arranged in a 
positional relationship such that the laser beams 103 emerging from the preset exit ports 
101a in a state where the rotating mirrors 15 are inclined at the compromise positions are 
reflected by the individual rotating mirrors 15 and is incident on the preset entrance ports 
109a. 

Fig. 38 shows a cross section perpendicular to the reflection surface of each rotating 
mirror 15 and its surrounding construction. 

The rotating mirror 15 of Fig. 38 is an example where a galvano mirror is adopted. 
For example, surface reflection mirrors are provided on the front and back surfaces of a 
supporting member 15b supported so that the inclination angle can be arbitrarily adjusted 
by a well-known actuator 15d such as an electromagnetic coil, and thereby a deflection 
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mirror surface 15a for reflecting the laser beam 103 is configured on the front surface 
side of the supporting member 15b, while a detecting reflection surface 15c is configured 
on the back surface side. 

Also, in the present invention, the axis of rotation may be provided on the detecting 
reflection surface 15c with positive power, as mentioned above, to electrically compen- 
sate an error caused by the positional shift of the deflection mirror surface 15a. Alter- 
natively, the axes of rotation can be provided on the two surfaces (15a and 15c) to rotate 
the two surfaces at the same rotation angle through a link mechanism. 

Although the deflection mirror surface 15a need not necessarily be parallel with the 
detecting reflection surface 15c, both are connected so that the detecting reflection sur- 
face 15c is inclined in accordance with the deflection angle of the deflection mirror sur- 
face 15a. In the figure, the deflection mirror surface 15a and the detecting reflection 
surface 15c are fixed to the supporting member 15b. Thus, the deflection mirror surface 
15a and the detecting reflection surface 15c have the center of rotation in common. The 
surface accuracies and reflectances of these surfaces are separately set so as to be appro- 
priate with respect to the detection light and the laser beam 103 to be reflected. 

The rotating mirror 15 is provided so that the deflection mirror surface 15a is placed 
in the direction of incidence of the laser beam 103, and the deflection angle detecting 
device 60 for detecting the deflection angle is opposite to the detecting reflection surface 
15c on the back surface side. 

The deflection angle control means 61' is constructed so that a deflection angle con- 
trol signal 201 specifying the rotating mirror 15 and its deflection angle and a power 
voltage 200 are received from the exterior, the actuator 15d and the deflection angle de- 
tecting device 60 are electrically connected to output a driving signal 202 driving the 
actuator 15d, and a detection level signal 203 is input from the deflection angle detecting 
device 60 detecting the deflection angle. 
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In the optical signal switch system 106 constructed as mentioned above, under a re- 
lay state of an ordinary transmission path, the laser beam 103 transmitted in one input 
cable 101 reaches one of the exit ports 101a which are regularly arrayed in the lattice 
matrix manner and is radiated therefrom toward the exterior of the input cable 101. The 
radiated light, which is condensed by the collimator unit 102, is changed to a parallel 
beam of proper size so that eclipse is not caused by dust, and emerges therefrom toward 
the optical switching device 108. 

Here, the rotating mirror 15 at the compromise position, provided at the rear stage of 
each collimator unit 102 reflects the particular laser beam 103 toward the particular ro- 
tating mirror 15 at the compromise position in the other optical switching device 108 to 
render the laser beam 103 incident on one of the imaging units 107 corresponding to the 
entrance ports 109a of the output cable units 109 which are regularly arrayed. After 
being transmitted through the imaging unit 107 and imaged at the entrance port 109a of 
the preset optical cable 109 of the output cable unit 105, the laser beam 103 is incident 
thereon and is transmitted. 

In the optical signal switch system 106 of this example, each rotating mirror 15 is 
inclined by a preset deflection angle from the compromise position, and the position of 
the laser beam 103 to be reached is changed. For example, in Fig. 37, when a laser 
beam 103 A leaving a particular input cable 101 A is switched from an ordinary relay state 
to enter an output cable 109B, the deflection angle of a rotating mirror 15A is first 
changed and the laser beam 103A is deflected toward a rotating mirror 15B. The rotat- 
ing mirror 15B in the ordinary relay state causes another laser beam 103 to enter the out- 
put cable 109B at the compromise position, but in this case, the deflection angle of the 
rotating mirror 15B is changed so that the laser beam 103A is incident on the output ca- 
ble 109B in accordance with the angle of incidence of the laser beam 103A. 

Since the entrance ports 109a, as well as the exit ports 101a, are regularly arrayed, 
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the deflection angles of the rotating mirrors 15 causing the exit ports 101a to correspond 
to the entrance ports 109a are predetermined by the positional relationship of the optical 
switching devices 108. The particular rotating mirrors 15 are thus inclined at preset 
deflection angles and thereby optical signal switching can be performed. 

The result is that the deflection angle of each rotating mirror 15 is detected by the 
deflection angle detecting device 60, and the actuator 15d is feedback-controlled through 
the deflection angle control means 61' shown in Fig. 39. 

With reference to Fig. 39, a description is given of the deflection angle control 
means 6 V for making the optical signal switching control by inclining the rotating mirror 
15 as another example of an apparatus using the deflection angle detecting device ac- 
cording to the present invention. 

Specifically, the deflection angle control means 61 1 includes a decode means 61'a 
which decodes the deflection angle control signal 201 specifying the deflection angle to 
generate a target level signal 204 corresponding to a target deflection angle of the rotat- 
ing mirror 15 and a control section 61'b which receives the deviation between a detection 
level signal 203 from the deflection angle detecting device 60 and the target level signal 
204 to generate the driving signal 202 of the actuator 15d. 

Subsequently, an optical signal switching technique is explained with reference to 
Figs. 37 and 39. The input cable 101A and the output cable 109B of the laser beam 
103 A are first specified for switching. Information is input into the deflection angle 
control means 61' of each optical switching device 108 from the exterior by the deflec- 
tion angle control signal 201 and further into the decode means 61'a. 

The target level signal 204 corresponding to the target deflection angle of the rotat- 
ing mirror 15 is generated by the decode means 61*a. The target level signal 204 is in- 
put into the control section 6Tb after the deviation with the detection level signal 203 
according to the detected deflection angle is taken. In the control section 61'b, this de- 
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viation is processed, for example, by amplification, differentiation, or integration, and the 
driving signal 202 is adjusted so that the deflection angle of the rotating mirror 15 ap- 
proaches the target deflection angle, and is feedback-output to the actuator 15d. 

In this way, the feedback control is made by using the deflection angle detecting de- 
vice 60 as the detection means, an hence the deflection angle of the rotating mirror 15 is 
change to the target deflection angle. Therefore, even though disturbance is caused and 
the deflection angle deviates from the target deflection angle, the deflection angle is 
changed immediately to the target deflection angle in accordance with the amount of de- 
viation. That is, by the optical switching devices 108 provided with the deflection angle 
control means 61' and the deflection angle detecting devices 60, the feedback control of 
real time is achieved. 

Moreover, the deflection angle detecting device 60 of the present invention is con- 
structed to be compact, and thus the optical switching device 108 can be designed to 
provide compactness and space-saving. Since the deflection angle detecting devices 60 
arranged on the rear side of the rotating mirrors 15 are compact, the rotating mirrors 15 
can be spaced at short intervals, and the optical cables 101 and 109 of the input and out- 
put cable units 100 and 105 can also be spaced at short intervals and becomes compact. 
Consequently, the advantage is offered that the number of switchable transmission paths 
can be increased without enlarging the deflection angle of each rotating mirror 15. 

Such effects can be brought about by the feature of the present invention that com- 
pactly bends the optical path while condensing light by using a concave reflection sur- 
face that has been not adopted in a conventional optical signal switch system. 

The above description has cited an example where the rotating mirrors 15 are 
provided with respect to the exit ports 101a of the input cable unit 100, one for each port. 
However, to switch the transmission path, there is an application excepting the case 
where the laser beams 103 are switched individually. This is, for example, the case 
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where the transmission path is switched to a backup circuit in the maintenance of the 
transmission path. In this case, the whole of the preset input cable unit 100 is switched 
from one output cable unit 105 to another output cable unit 105. In such a case, since 
the changeover is performed while keeping the arrangement of the input cable unit 100 as 
it is, the single rotating mirror 15 may be provided with respect to the input cable unit 
100. 

Subsequently, reference is made to an example of an information record reproducing 
system, such as a pickup apparatus, having the deflection angle detecting device of the 
present invention. Fig. 40 shows an information record reproducing system 110 using 
the deflection angle detecting device of the present invention. 

This system has an optical system including a recording disc 112 (a recording me- 
dium), such as an optical disc or a photomagnetic disc, for recording and reproducing an 
information signal; the semiconductor laser 1 (the light source) radiating a laser beam 
115 (a light beam), for example, the intensity or pulse of which is modulated in accor- 
dance with the information signal; an imaging lens 116 and an imaging lens unit 114 for 
imaging the laser beam 115; the rotating mirror 15 deflecting the laser beam 115 to 
change the position of incidence on the imaging lens unit 114, deflected and drived by 
the actuator (not shown) in order to perform fine tracking control; and the deflection an- 
gle detecting device 60; and an arm 113 which is provided with the optical system and 
can be moved parallel and perpendicular to the recording surface of the recording disc 
112. 

The semiconductor laser 1 is connected to a laser driving means lb for modulating 
the semiconductor laser 1 by the information signal. 

The rotating mirror 15 is capable of adopting the construction of Fig. 38. The de- 
flection angle detecting device 60 can be used in any embodiment mentioned above. 

Reference numeral 111 represents a case, in which the recording disc 112 is placed 
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on a driving shaft 112a rotated and driven, for example, by a DC control motor. The 
recording disc 1 12 is held to be rotatable around the driving shaft 112a. 

The recording disc 112 has a recording surface allowing the record or reproduction 
of the optical signal, or both, on either surface. The format recording disc 112 is such 
that a signal track is formed along a circumferential direction of the recording surface, 
and the recording position of the information signal is logically divided in a radial direc- 
tion. 

The arm 113 is placed above the recording surface and is supported elastically in a 
vertical direction of the recording disc 112. The arm 113 is also supported to be ro- 
tatable, by a rotating shaft 113a, in a direction parallel to the recording surface of the re- 
cording disc 112, and can be rotated around the rotating shaft 113a and driven by a driv- 
ing coil 117 such as an electromagnetic coil. 

The imaging lens 116 is constructed to properly re-form the laser beam 115 emitted 
from the semiconductor laser 1 into a parallel beam, for instance. The imaging lens unit 
114 is constructed to receive and image the laser beam 115 on the recording surface and 
to receive reflected light from the recording surface so that signal light corresponding to 
the information signal, focus detection light for performing focus control, and tracking 
detection light for performing tracking control enter individual light^-eceiving elements. 
Between the imaging lens 116 and the imaging lens unit 114, the rotating mirror 15 for 
changing the position of incidence of the laser beam 115 on the imaging lens unit 114 to 
perform the fine tracking control is placed together with the deflection angle detecting 
device 60. For the construction of the rotating mirror 15, that of Fig. 38 can be adopted. 
The deflection angle detecting device 60 can also be adopted in any embodiment men- 
tioned above. 

In the system constructed as described above, the recording surface of the recording 
disc 1 12 is first irradiated with the laser beam 1 15, and after the reflected light is received 
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by the imaging lens unit 114 to obtain the tracking signal, information, such the position 
of the track and the amount of shift from the track, is accumulated. In accordance with 
such information, the position of rotation of the arm 113 is coarse-controlled by the 
driving coil 117 to perform track-to-track movement and track follow-up. 

For severer tracking, the rotating mirror is inclined to deflect the laser beam 115 and 
the position of incidence of the beam on the imaging lens unit 114 is shifted so that the 
imaging position on the recording surface is fine-adjusted in the radial direction. In this 
case, the deflection angle of the rotating mirror 15 is detected by the deflection angle 
detecting device 60 for feedback control. The feedback control can be performed by the 
same way as the optical signal switching technique described with reference to Fig. 39. 

As mentioned above, when the deflection angle detecting device 60 is used to con- 
struct the information record reproducing system, the deflection angle detecting device 
60 can first be compactly designed, and thus the arm 113 can be made small in size and 
light in weight. This brings about the advantage that a mechanical response character- 
istic can be improved. Second, since the detection range of the deflection angle de- 
tecting device 60 can be increase, a larger deflection angle can be provided and even 
though a distance from the rotating mirror 15 to the imaging lens unit 1 14 is short, a pre- 
set position of incidence can be obtained. Consequently, the optical path length of the 
optical system of the arm 113 can be reduced. By doing so, the arm 13 can be 
downsized and the information record reproducing system which is compacter and excels 
in mechanical response characteristic can be obtained. 
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